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S U M M A R Y
The th esis  is  divided into two p a r ts . The f i r s t  section is  concerned 
with tissu e  cu ltu re  techniques and th e ir  u se  in  the iso la tion  and study of 
re sp ira to ry  v iru se s . The second section d esc rib e s  the epidem iological 
re s u lts  obtained f ro m  studies o f re sp ira to ry  illn ess .
P rob lem s assoc ia ted  with the growth o f ce rta in  tissu e  cu ltu res , 
p a rticu la rly  hum an em bryonic diploid cell s tra in s  w ere investigated.
A ttem pts w ere m ade to derive  cell s tra in s  f ro m  various organs o f 36 
human em bryos and m ethods w ere found f o r  im proving the low tem pera tu re  
p rese rv a tio n  o f these ce lls . Cell s tra in s  o f hum an em bryonic kidney 
f ib ro b la s ts  w ere shown to be m ore sensitive to rh inov iru ses than the 
widely used human em bryonic lung cell s tra in s . D etailed studies on eight 
cell s tra in s  a lso  revealed  d if fe re n c e s  in sensitiv ity  to rh inov iru ses 
between v ario u s  lung ce ll s tra in s  and between various kidney cell s tra in s . 
T hree  rh inov irus sero types w ere d iscovered  which appear to grow much 
m ore read ily  in  kidney ce lls  than in  lung ce lls . A ttem pts to im prove the 
sensitiv ity  o f te s ts  f o r  rh inov irus neu tra liz ing  antibodies w ere unsuccess­
fu l. Specific a n tise ra  w ere m ade against 15 rh inov irus s tra in s  and used 
in c ro ss -n eu tra liza tio n  studies. Twelve d istinc t sero types w ere detected,
11 o f which appear to be antigenically  d is tin c t f ro m  rh in o v iru ses  so f a r  
described . E ighty-six  rh inov irus s tra in s  w ere  tested  f o r  haem agglutinating 
activ ity ; no haem agglutination w as detected. F a c to rs  a ffe c tin g  the
iso la tion  of re sp ira to ry  syncytial (RS) v iru s  a re  described , including 
the repeated  lo s s  o f sensitiv ity  of ’B ris to l ' HeLa ce lls  a f te r  continuous 
cu ltu re  f o r  long periods. A ttem pts to im prove the sensitiv ity  of te s ts  
f o r  RS v iru s  neutra liz ing  antibodies revea led  that the addition of unheated 
rab b it serum  to the se ru m -v iru s  m ix tu res in c reased  antibody ti tre s  two- 
to eigh t-fo ld . This unheated serum  w as valuable both in detecting neu­
tra liz in g  antibody re sp o n ses  in  young ch ild ren  and in  revealing  antigenic 
v aria tion  among RS v iru s  s tra in s . Methods f o r  concentrating RS v iru s  
onto alum inium  hydroxide and f o r  p reparing  s tra in -sp e c if ic  an tise ra  w ere 
found. Two antigenically  d is tinc t RS v iru s  s tra in s  and seven possibly 
in term ed ia te  s tra in s  w ere detected.
A to tal o f 302 v iru se s  w ere  iso la ted  f ro m  re sp ira to ry  secre tions 
collected  f ro m  800 ca ses  in  Glasgow between January 1962 and A pril 1966. 
The v iru se s  com prised 29 influenza v iru se s , 27 parain fluenza v iru se s ,
83 RS v iru s e s , 95 rh in o v iru ses , 26 h e rp es  v iru se s , 24 adenoviruses and 
18 en te ro v iru ses . Most o f the fo u r  s tra in s  o f influenza A2 and 25 s tra in s  
o f influenza B w ere iso la ted  f ro m  schoolchildren during th ree  w inter 
outbreaks. P a ra in flu en za  v iru se s  (7 type 1, one type 2, and 19 type 3) w ere 
found m ost commonly in  ch ild ren  but showed no m arked seasonal d is tr i ­
bution. RS v iru se s  w ere  iso la ted  only f ro m  young ch ildren  during fo u r  
w in ter outbreaks. T itra tio n  o f RS neu tra liz ing  antibodies revea led  that
RS v iru s  iso la tion  w as associa ted  with an absence of antibody in children 
over 6 m onths but not in younger children. F ifty -e ig h t o f the 95 rh ino­
v iru se s  could be iden tified  sero log ically  and belonged to 24 d if fe re n t 
sero types. R hinoviruses w ere found m ost o ften  in  young adults but 
occurred  in  a ll populations and age-groups; they w ere iso lated  m ost 
frequen tly  in  spring  and autumn. H erpes sim plex v iru s  occurred  m ost 
commonly in  ch ild ren  in hospital. A denoviruses, belonging to fiv e  
d if fe re n t sero ty p es , and en te ro v iru ses , belonging to a t le a s t nine d if fe re n t 
se ro ty p es , w ere iso la ted  only f ro m  children. Most en terov iru ses  w ere 
iso la ted  during the sum m er.
T hree  m ain population groups w ere studied: ch ildren  and adults a t 
hom e o r a t w ork, adults with chronic b ronch itis  and children  in  hospital.
Ten p e r  cent o f 107 re sp ira to ry  illn e sse s  in  ch ildren  and 40% of 60 
illn e sse s  in adu lts , who w ere a t hom e o r a t w ork, yielded rh inov iruses. 
M yxoviruses w ere found in 19% o f these  il ln e sse s  in ch ildren  and in  10% 
o f them  in  adults. The etiological sign ificance o f rh inov iru ses in 
ch ild ren  a t hom e could not be a sse sse d  because they w ere  also  found in 
13% of sym ptom less contacts. E ighty-seven re sp ira to ry  episodes in 
chronic b ronch itics  w ere  investigated  and rh in o v iru ses  w ere isolated  
f ro m  16% of them . Only one rh inov irus in fec tion  w as not associated  
with an illn e ss  which a f fe c te d  the chest and 25% of bronchitic  exacerbations 
w ere associa ted  with rh inov irus infection . V irus iso la tion  and sero logical 
re s u lts  suggest tha t rh in o v iru ses  can in fe c t the low er re sp ira to ry  tra c t
of chronic bronchiti.es. Among children  in  hospital RS v iru s  appeared 
to be the m ost im portan t single cause o f sev ere  re sp ira to ry  illn ess  
and was iso la ted  f ro m  20% of 402 children. O ther m yxoviruses and 
rh in o v iru ses  w ere iso la ted  f ro m  7% and 8% respectively  o f these children. 
H owever, rh inov iru ses w ere also  found in 9% of ch ildren  in hospital with 
d ia rrh o ea l illn e sse s ; m yxoviruses w ere found only ra re ly  in  th is group 
o f children. H erpes sim plex v iru s , adenoviruses and en terov iru ses w ere 
iso la ted  f ro m  both the re sp ira to ry  and d ia rrh o ea l groups o f children. 
D etailed study o f 19 rh inov irus in fec tions in children in hospital indicated 
tha t th ese  in fec tions could cause low er re sp ira to ry  illn esses .
TABLE of CONTENTS
Page
ABBREVIATIONS 1
ACKNOWLEDGEMENTS 2
INTRODUCTION 4
PART I
TISSUE CULTURE TECHNIQUES FOR THE ISOLATION 
AND STUDY OF RESPIRATORY VIRUSES
CHAPTER 1. REVIEW OF THE LITERATURE 7
H istory  of T issue  C ulture 7
Types o f Cell and O rgan C ulture 11
2. MATERIALS AND METHODS 26
MATERIALS 27
METHODS 33
3. PREPARATION AND PRESERVATION OF
HUMAN EMBRYONIC TISSUE CULTURES 47
P rep ara tio n  o f P r im a ry  Human Em bryonic 47
T issue  C ultures
Cultivation o f sem i-continuous Cell S trains 50
R esu lts  o f Cultivation of T issue  f ro m  36 51
Em bryos
P rese rv a tio n  o f Human Em bryonic CeHs 55
R esu lts  o f E xperim ents on Cell P re se rv a tio n  55
4. STUDIES WITH RHINOVIRUSES 1. ISOLATION, 
ESTIMATION OF NEUTRALIZING ANTIBODIES, 
PREPARATION OF ANTISERA AND IDENTIFICA­
TION OF SEROTYPES 58
C ells f o r  V irus Isolation 59
Medium f o r  V irus Iso lation  62
E stim ation  o f N eutralizing Antibodies 63
P rep ara tio n  o f A n tisera  63
C ross-N eu tra liza tio n  T es ts  66
T es ts  f o r  Haem agglutinin 68
Page
CHAPTER 5. STUDIES WITH RHINOVIRUSES 
2. RHINOVIRUS SENSITIVITY OF 
EIGHT CELL STRAINS. 69
C h arac te ris tic s  o£ Cell S tra ins 69
Cytopathic E f fe c ts  o f R hinoviruses 70
Exam ination o f Specim ens 70
T itra tio n s  o f V iru s Pools 72
6. STUDIES WITH RESPIRATORY
SYNCYTIAL VIRUS. 75
V irus Iso lation  75
E stim ation  o f N eutralizing Antibodies 78
Antigenic V ariation  81
7. DISCUSSION. 87
PART II
THE EPIDEMIOLOGY OF HUMAN RESPIRATORY 
VIRUSES ISOLATED IN GLASGOW, 1962 -  1966
CHAPTER 8. REVIEW OF THE LITERATURE 100
Influenza V iruses 100
A denoviruses 105
E n tero v iru ses  110
R eoviruses 116
P ara in fluenza  V iruses 119
R esp ira to ry  Syncytial V irus 125
R hinoviruses 131
9. ADULTS AND CHILDREN AT HOME
AND AT WORK 136
C om parative Study o f C hildren with 
Acute R esp ira to ry  Illn ess  and th e ir  
Sym ptom less Contacts 136
Acute R esp ira to ry  Illness  in  Adults 
and C hildren 138
Page
CHAPTER 10. ADULTS WITH CHRONIC BRONCHITIS 142
F ifte en  Chronic B ronchitics and th e ir  F am ilie s  142
R hinoviruses in  29 Chronic B ronchitics 147
Exam ination o f B ronchial Biopsy M aterial 148
11. CHILDREN IN HOSPITAL 152
P ilo t Study o f C hildren with R esp ira to ry  153
D isease , D ecem ber 1962 -  May 1963 
C om parative Study o f C hildren with 154
R esp ira to ry  and D iarrhoeal D isease ,
O ctober 1963 -  A pril 1965
C hildren with R esp ira to ry  D isease , 157
D ecem ber 1964 -  A pril 1966
Rhinovirus In fections 160
Serological Studies 163
Multiple In fections 167
12. A SUMMARY OF VIRUSES ISOLATED FROM
800 CASES. January 1962 -  A pril 1966 169
13. DISCUSSION 177
REFERENCES 196
1ABBREVIATIONS
U sed in t e x t ,  ta b le s  and f ig u re s :
BH = B r is to l  HeLa
BM = b asa l m edium
BSS = balanced s a l t  so lu tion
CF = com plem ent f ix a tio n
DMS = d im ethy l sulphoxide
HEK = hum an em bryonic kidney
HEKF = human em bryonic kidney f ib ro b la s ts
HEL = human em bryonic lung
HI = haem agg lu tination  inh ib ition
LH = lac ta lbum en  H anks'
MEM = m inim um  e s se n tia l m edium
PBS = phosphate  b u ffe re d  sa line
PSS = penicillin  and s tre p to m y c in  so lu tion
RMK = rh esu s  monkey kidney
RS = re s p ir a to ry  sy n cy tia l
TCD^q = 50% t is s u e  c u ltu re  in fec tin g  dose
TPB = t ry p to s e  phosphate  b ro th
Used in ta b le s  and f ig u re s  only:
AD = adenovirus 
ENT = e n te ro v iru s  
FL  = influenza 
HS = h e rp es  sim plex 
P F  = p ara in fluenza  
RH = rh inov irus
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4INTRODUCTION
M ethods f o r  th e  iso la tio n  o f  various new re s p ira to ry  v iru ses  had been 
re p o r te d  by 1961. C onsequently , th e re  was a need to  e s tab lish  th e se  
techn iques a t  th e  R egional V irus L a b o ra to ry , R uchill H osp ita l to  im prove 
th e  s tu d y  o f  various ty p e s  o f  re s p ir a to ry  d isease  in  Glasgow. This th e s is  
is  an account o f m y experiences in estab lish in g  th e se  techniques and o f th e  
epidem iological r e s u l t s  which w ere  obta ined .
The m ethods I f i r s t  used  w ere  th o se  which I observed  a t  th e  Common 
Cold R esearch  U n it, Salisbury . C e rta in  m o d ifica tio n s  w ere  m ade, among 
th em  th e  in tro d u c tio n  o f ce ll s t r a in s  o f  hum an embryo kidney f ib ro b la s ts ,  
which had n o t prev iously  been u sed , f o r  rh inov irus iso la tio n . This gave a 
h igher iso la tio n  r a t e  th an  h as  p rev iously  been re p o r te d  and led to  th e  
reco v e ry  o f  a num ber o f s t r a in s  w ith  a p a r t ic u la r  " a f f in i ty 1' f o r  th e se  
ce lls . Since com pletion o f th e  w ork re p o r te d  h e re ,  eleven o f th e  rh ino ­
v iru se s  iso la te d  have been f u r th e r  s tu d ied  a t  th e  Common Cold R esearch  
U n it and su b m itte d  to  D r. H am parian , Ohio S ta te  U n iv e rs ity , as possib le 
new rh inov irus s e ro ty p e s . The d iscovery  t h a t  n eu tra liz in g  antibody t i t r e s  
ag a in s t RS v iru s  w ere  in c reased  by th e  addition o f unheated  serum  had 
ap p lica tions  b o th  to  th e  e s tim a tio n  o f  antibody in  human se ra  and to  th e  
in v e s tig a tio n  o f an tigen ic  v a r ia tio n  among RS v iru s  s t r a in s .
The re s p ir a to ry  v iru se s  w ere sought in th r e e  m ain ty p e s  o f  re s p ir a to ry  
d isease : a c u te  re s p ir a to ry  illn e sse s  o f ad u lts  and children a t  hom e o r  a t
5work; a c u te  re s p ir a to ry  episodes in ad u lts  w ith  chronic b ro n c h itis , and 
a c u te  r e s p ir a to ry  illn e sse s  in ch ildren  in h o sp ita l. A la rg e  num ber o f 
v iru se s  w ere iso la te d  f ro m  each o f  th e se  g roups. A lthough th e  etio logical 
s ign ifican ce  o f  th e se  ag en ts  w as n o t always c le a r , my r e s u l t s  show th a t  
rh inov irus in fe c tio n s  a re  m o re  f re q u e n t than  previous r e p o r ts  su g g est.
M o st o f  th e  epidem iological s tu d ie s  w ere n ec e ssa rily  co llabo ra tive . The 
ea rly  w ork on re s p ir a to ry  illn ess  in ch ildren  a t  hom e and th e  f in a l survey  of 
ch ildren  in h o sp ita l w ere b o th  p a r t  o f  nationw ide su rveys o rgan ised  by th e  
M edical R esearch  Council. D r. M .B. E adie a s se s se d  th e  clin ical s t a t e  of th e  
chronic b ro n c h itic s , co llec ted  a ll th e ir  specim ens and m ade th e  f in a l c lin ical 
diagnoses o f  th e i r  r e s p ira to ry  episodes. D r. Eadie also  co llec ted  th e  spec i- 
m e n ts  f ro m  th e  m a tched  groups o f  ch ildren  in h o sp ita l. I depended on 
genera l p r a c t i t io n e r s ,  h o sp ita l c lin ic ians o r  public h ea lth  o f f ic e r s  to  co llec t 
specim ens and m ake c lin ica l diagnoses o f  th e  o th e r  p a t ie n ts  in th is  work. 
T hus, although I sought th e  a s s is ta n c e  and advice o f  clin ica l colleagues w here 
th is  was n e c e ssa ry , I m y se lf  exam ined th e  specim ens and analysed  th e  r e s u l ts  
to  b e  p re se n te d  in th is  th e s is .
A lthough th e se  in v e stig a tio n s  a re  in te r - r e la t e d ,  they  have f o r  conven­
ience been described  in  tw o p a r t s .  P a r t  I is  concerned w ith  t i s s u e  c u ltu re  
techn iques f o r  th e  iso la tio n  and s tu d y  o f  re s p ir a to ry  v iru se s  and w ith  th e i r  
u se  f o r  d e ta iled  s tu d ie s  o f  rh inov iru ses and re s p ir a to ry  sy n cy tia l v iru s .
P a r t  II gives th e  r e s u l t s  o f  applying th e se  techniques to  c e r ta in  a sp e c ts  o f
6th e  epidemiology o f  th e se  a g e n ts . In sum m ary , th is  work m a y b e  described  
a s  developm ent and application  o f techniques f o r  studying th e  epidemiology 
o f  r e s p ir a to ry  v iru se s .
PART I
TISSUE CULTURE TECHNIQUES FOR THE 
ISOLATION AND STUDY OF RESPIRATORY 
VIRUSES
7CHAPTER I 
REVIEW OF THE LITERATURE.
The orig ins o f  t i s s u e  c u ltu re  s t r e t c h  back to  th e  end o f th e  l a s t  cen tu ry . 
However th is  technique was n o t widely used  in  v irology u n ti l  1950, a f t e r  th e  
in tro d u c tio n  o f  a n tib io tic s  which s im p lified  th e  m anipulation o f  c u ltu re s  and 
th e  d iscovery  th a t  v iru se s  would grow in  v i t ro  in  t is s u e s  o th e r  than  th o se  in 
which th ey  grew  in vivo.
B e fo re  1950 th e  only group o f r e s p ira to ry  v iru ses  known w ere th e  
in fluenza v iru se s . In th e  l a s t  16 y ea rs  adenov iru ses, para in fluenza  v iru se s , 
r e s p ir a to ry  syncy tia l v iru s  and rh in o v iru ses  have a l l  been iso la te d  in t i s s u e  
c u ltu re s . The re c e n t in tro d u c tio n  o f  organ c u ltu re s  has a lready  led to  th e  
d e te c tio n  o f fa s tid io u s  rh inov iru ses n o t iso la te d  in  conventional t i s s u e  cul­
tu r e  and a t  l e a s t  one ap p aren tly  new type  o f human re s p ir a to ry  v iru s .
In th is  review  i t  is  proposed  to  consider b r ie f ly  th e  h is to ry  o f  t i s s u e  
c u ltu re  and i t s  u se  in work on re s p ira to ry  v iru se s . A subsequen t sec tio n  
w ill cover th e  ty p e s  o f  ce lls  and c u ltu re s  c u rre n tly  u sed , th e  v iru se s  which 
a r e  iso la te d  in th e m , th e  m edium  and conditions under which th ey  a r e  
m a in ta in ed , and th e ir  app lica tions to  th e  s tudy  o f r e s p ira to ry  v iru se s .
H is to ry  o f  T issu e  C u ltu re
The e a r l ie s t  reco rd ed  a t te m p ts  a t  t i s s u e  c u ltu re  w ere  m ade a t  th e  end 
o f  th e  n in e teen th  c en tu ry  b u t  th e  f i r s t  unequivocal d em o n stra tio n  o f  th e
8continuation o f function  in v itro  was m ade by H arriso n  in  1907 using f ro g  
em bryo tissu e .
B urrow s (1910) introduced the p lasm a clot technique and C a rre ll (1912) 
d iscovered  the grow th-prom oting e f fe c t  of em bryo ex trac ts . The 
"trad itional"  technique of growing tis su e s  in  p lasm a d o ts  supplem ented 
with em bryo ex tra c t w as thus estab lished  by 1912. At about the sam e tim e 
vaccinia v iru s  w as grown in tissu e  cu ltu res  of rab b it and guinea pig corneas 
(Steinhardt, I s ra e li and L am bert, 1913). T his was probably the f i r s t  
genuine cultivation o f a v iru s  in tissu e  cu ltu re . A d if fe re n t approach to 
the cultivation of tis su e s  in v itro  w as in itia ted  by Thom son in 1914 and 
la te r  devdoped by Strangew ays (1924) and F e ll (1951). This organ culture  
technique w as designed to m aintain sm all frag m e n ts  o f tissu e  in a s ta te  as  
close a s  possib le  to th e ir  s ta te  in  vivo.
The m ain problem  in p e rfo rm in g  tissu e  cu ltu re  a t th is  tim e was the 
r is k  of b ac te ria l contam ination. The e lbo ra te  su rg ica l techniques which 
C a rre ll used  engendered the b e lie f  tha t tissu e  cu ltu re  was e x tre m d y  d i f f i ­
cult. I t i s  probably f o r  th is  reaso n  tha t the ea rly  experim ents on the 
growth of tissu e  cu ltu re  and cultivation o f v iru se s  in  them  anticipated by 
30 o r 40 y e a rs  the w idespread u se  o f these  m ethods in  virology.
By 1950 only 36 m am m alian v iru se s  had defin ite ly  been grown in  tissu e  
cu ltu re  and another f iv e  possib ly  grown (Robbins and E n d ers , 1950). Of 
these  43 v iru s e s , 25 w ere  hum an pathogens. In the succeeding 15 y e a rs  over
9150 new hum an v iru se s  have been recovered  in tissu e  cu ltu re , many o f 
them  assoc ia ted  with re sp ira to ry  d isease . This rap id  p ro g re ss  was la rge ly  
due to  the introduction o f non-toxic an tib io tics such a s  penicillin  (Rose,
Molloy and 0!N eill, 1945) and strep tom ycin  (E nders, W eller and Robbins,
1949) into the tissu e  cu ltu res. O ther im portan t fa c to rs  w ere the 
rea liza tio n  by Robbins, E nders and W eller (1950) tha t a cytopathic e f f e c t  
in tissu e  cu ltu re  was an adequate c r ite r io n  o f v iru s  p resence  and the wide­
spread  use  o f try p sin  f o r  the d isp e rsa l o f ce lls .
The f i r s t  v iru se s  to be d iscovered  a s  a d ire c t re su lt o f the w idespread
use  o f tissu e  cu ltu re  w ere m em bers of the echovirus group (Robbins, E nders ,
o
W eller and F loren tino , 1951; Melnick and A gren, 1952) which w ere isolated  
in  cu ltu res  o f human o r  monkey tissu e .
In 1953 Rowe and co -w orkers  rep o rted  the f i r s t  iso la tions of adenoviruses 
f ro m  frag m e n ts  o f hum an adenoids grown a s  p lasm a clot cu ltu res. A fte r  
prolonged incubation, cytopathic changes w ere seen in  epithelial -like  ce lls  
o f som e o f the cu ltu res . The croup -associa ted  v iru s  la te r  renam ed p a ra ­
in fluenza type 2 w as f i r s t  recovered  by Chanock (1956) in  ro lled  cu ltu res 
o f cynomolgus monkey kidney ce lls ; the v iru s  produced la rg e  syncytia.
In the sam e y e a r  M o rris , Blount and Savage (1956) rep o rted  the f i r s t  iso la ­
tion o f re s p ira to ry  syncytial v iru s  f ro m  chim panzees. T his v iru s  produced 
is lands of rounded ce lls  seven days a f te r  inoculation into ro l le r  cu ltu res of 
Chang liv e r  c e lls ,  a continuous hum an epithelioid ce ll lin e . The follow ing 
y e a r Chanock, Roizm an and M yers (1957) rep o rted  the iso la tion  o f th is  v iru s
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f ro m  children  by inocu lation  o f  th r o a t  swabs in to  KB c e lls , derived fro m  
a human epiderm oid carc inom a, and n o ted  i t s  c h a ra c te r is t ic  sy ncy tia l 
fo rm a tio n .
In 1957, Vogel and Shelokov described  a technique f o r  d e tec tin g  influenza 
A v iru se s  in  monkey kidney ce lls . W ashed guinea pig ce lls  w ere  found to  
adso rb  to  in fe c te d  ce lls . T h is haem adsorp tion  techn ique was l a t e r  used  in 
a s tu d y  o f  re s p ir a to ry  illn e ss  in  young children (Chanock e t  a l. 1958) and led  
d ire c tly  to  th e  iso la tio n  o f p ara in fluenza  ty p es  1 and 3 in  monkey kidney 
t i s s u e  c u ltu re s . S tra in s  o f  ty p e  1 produced a questionab le  cy to p a th ic  e f f e c t  
on p rim a ry  iso la tio n , ty p e  3 s t r a in s  produced none. P ara in flu en za  ty p e  4 
w as f i r s t  iso la te d  by Johnson, Chanock, Cook and Huebner (1960) in monkey 
kidney t i s s u e  c u ltu re s  and d e te c te d  by th e  haem adsorp tion  technique.
In 1960, T y rre l l  and P a rso n s  described  cy top a th ic  e f f e c t s  produced in
t i s s u e  c u ltu re s  o f  human em bryonic kidney and monkey kidney by common
cold v iru se s . T hese  e f f e c t s  w ere  v is ib le  only i f  c u ltu re  w ere m ain tained
di
under c a re fu lly  co n tro lled  coiypons. H owever, som e common cold v iru se s , 
such as  th e  D.C, s t r a in  would n o t produce cy to p a th ic  e f f e c t s  even under 
th e s e  spec ia l conditions.
In 1961, HayfHck and M oorhead derived  sem i-con tinuous ce ll s t r a in s  
f ro m  various t i s s u e s  o f  human em bryos and showed th a t  th e se  ce ll s t r a in s  
w ere  su sc ep tib le  to  rh in o v iru ses , H am parian , K e tle r  and Hillem an (1961b) 
iso la te d  a la rg e  num ber o f  rh in o v iru ses  in WI-26 c e l ls ,  one o f  Hay f l ic k 's
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hum an em bryonic lung ce ll s t r a in s .  The D.C. v iru s  w as l a t e r  shown to  
produce cy topath ic  e f f e c t s  in WI-26 and o th e r  human em bryonic cell 
s t r a in s  (T y rre ll, Bynoe, Buckland and Hay£Lick,l962).
O rgan c u ltu re s  o f human em bryonic c ilia te d  r e s p ira to ry  ep ithelium  
w ere  shown by Hoorn and T y rre ll (1965) to  su p p o rt th e  grow th  o f  sev e ra l 
ty p e s  o f  re s p ir a to ry  v iru se s . When n asa l washings f ro m  p a t ie n ts  w ith  
colds w ere  inocu lated  in to  organ c u ltu re s  a num ber o f ag en ts  w ere  recovered  
which had n o t been d e te c te d  by norm al t i s s u e  c u ltu re  m ethods. Some o f  
th e se  ag en ts  w ere  rh inov iru ses and produced cy to p a th ic  e f f e c t s  when 
in fe c tiv e  o rgan  c u ltu re  f lu id  was inocu la ted  in to  hum an em bryonic lung cell 
s t r a in s ,  o th e rs  could only b e  d e te c te d  by inoculating  human vo lun teers  
(T y rre ll and Bynoe, 1966). Some o f  th e  a g e n ts  which could n o t b e  adap ted  
to  t i s s u e  c u ltu re s  appear to  b e  fa s tid io u s  rh in o v iru ses , such a s  th e  H.S. 
s t r a in  (Hoorn and T y r re l l ,  1966) o th e r s ,  such a s  th e  B.814 s t r a in ,  a re  
e th e r - la b ile  and m ay b e  m yxoviruses o r  m em bers o f  a new group o f  
r e s p ir a to ry  v iru se s  (T y rre ll and Bynoe, 1965).
Types o f  C ell and Organ C u ltu re
The ty p e s  o f c u ltu re s  availab le  m ay conveniently  be  grouped in to  
(a) p r im a ry  o r  secondary  ce ll c u l tu re s ,  (b) sem i-con tinuous ce ll s t r a in s ,
(c) continuous ce ll l in e s , and (d) organ  c u ltu re s .
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(a) P r im a ry  and Secondary C ultures
R hesus monkey kidney ce lls  o r human em bryonic kidney ce lls  a re  the 
p rim ary  o r secondary cu ltu res  which have been m ost widely used f o r  the 
iso la tion  and study o f re sp ira to ry  v iru se s .
Monkey Kidney. The o rig inal iso la tions o f para in fluenza  2 w ere  made 
in  cynomolgus monkey kidney ce lls  ro lled  in  E ag le 's  m edium  containing 
c a lf  se ru m  a t 37°C (Chanock, 1956). P ara in fluenza  types 1, 3 and 4 w ere 
f i r s t  iso la ted  in rh esu s  monkey kidney cu ltu res  ro lled  in  s e ru m -fre e  medium 
a t 37°C (Chanock e t a l. 1958; Johnson e t a l. 1960). Although the orig inal 
iso la tions o f in fluenza v iru se s  w ere  m ade in an im als o r eggs i t  has been 
shown (Report o f W.H.O. E xpert C om m ittee, 1959) tha t influenza B may be 
iso la ted  m ore frequen tly  in rh esu s  monkey kidney cu ltu res than in eggs.
E arly  attem pts to  iso la te  in fluenza A2 v iru se s  in monkey kidney ce lls  
gave conflicting  re su lts  (H arare, 1963) but S tern and T ippett (1963) produced 
evidence tha t in fluenza A v iru se s  could be iso la ted  a s  o ften  in rheusos 
monkey tissu e  cu ltu re  a s  in eggs provided the cu ltu res  w ere ro lled  a t 33°C 
in m edium 199. Influenza C m ay a lso  be iso la ted  in  cu ltu res  under s im ila r  
conditions (Mogabgab, 1962).
Some s tra in s  o f influenza and m ost o f the para in fluenza types f a i l  to 
produce cytopathic e f f e c ts  in  tis su e  cu ltu res . T heir p resen ce  may be 
detected by the haem adsorp tion  te s t  with guinea pig o r human group *0 ' 
e ry th rocy tes. Most in fec ted  cu ltu res  show strong  haem adsorption a f te r
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incubation with e ry th rocy tes a t 4°C but cu ltu res in fec ted  with p a ra ­
influenza type 4 req u ire  tem p era tu res  o f 25 -  37°C to produce m axim al 
pa tte rn s . T hus, m ost natu ra lly  occurring  human m yxoviruses may be 
iso la ted  in monkey kidney cu ltu res  and detected by haem adsorption provided
the cu ltu res  a re  m aintained under the appropria te  conditions. M yxoviruses,
o oo ther than ce rta in  s tra in s  o f in fluenza , grow as  well at 33 C a s  a t 37 C.
Serum  is  om itted f ro m  the cu ltu re  m edium  because i t  is  likely  to contain 
sp ec ific  o r  non -specific  inh ib ito rs f o r  m yxoviruses. Rolling the cu ltu res 
enhances the growth o f para in fluenza 4 v iru s  (Canchola et al. 1964). Hence, 
the optim al conditions f o r  the iso la tion  of m ost m yxoviruses in  monkey 
kidney tissu e  cu ltu res  a re  a tem p era tu re  o f 33°C, a m edium  f r e e  o f serum  
and ro ta tion  o f the cu ltu res.
The species o f monkey f ro m  which the kidney ce lls  a re  derived may be 
im portant. Although para in fluenza types 1 - 3  a re  recovered  equally o ften  
in  kidney ce lls  f ro m  rheusus and cercop ith icus m onkeys, the rh esu s  monkey 
ce lls  a re  m ore sensitive  f o r  the recovery  o f parain fluenza 4 and influenza 
types A2 and B (Canchola e t al. 1965). P r im a ry  o r  secondary monkey kidney 
ce lls  a re  equally sensitive  to  para in fluenza  types 1, 2 and 3 (Beem et al. 1965).
T issu e  cu ltu res  have a lm ost superceded eggs and an im als f o r  the 
iso la tion  o f influenza and para in fluenza  v iru se s . Eggs and an im als a re  
cum bersom e to use and a re  much le s s  sensitive than monkey kidney 
ce lls  to para in fluenza  v iru se s . Monkey kidney ce lls  have not been
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com pared adequately with o ther ce ll types but the available evidence 
suggests tha t they a re  the m ost sensitive cu ltu re  system  f o r  influenza 
and para in fluenza v iru s  iso la tion  (Chanock e t al. 1963; Holzel et al. 1965a).
Many o ther v iru se s  m ay be recovered  f ro m  re sp ira to ry  specim ens in 
monkey kidney tissu e  cu lture. RS v iru s  is  frequen tly  iso la ted  and som e 
w orkers  have repo rted  that monkey kidney ce lls  a re  m ore  sensitive than 
H Ep-2cells f o r  reco v ery  o f th is  v iru s  (W ulff, Kidd and W enner, 1964b). 
R hinovirus M types a re  iso la ted  in  monkey kidney ce lls  but le s s  frequen tly  
than in  hum an em bryonic ce lls ; echovirus 28 causes degeneration m ore 
rap id ly  in  secondary than in  p rim ary  cu ltu res  (Mogabgab and H olm es, 1961). 
A denoviruses a re  iso la ted  in  monkey kidney ce lls  a t 33°C in s e ru m -fre e  
m edium but le s s  frequen tly  than in  continuous cell lin es  o r p rim ary  human 
em bryonic tis su e  (Holzel e t a l . 1965a; P a l, McQuillan and G ardner, 1963). 
E choviruses and coxsackie group B v iru se s  a re  recovered  in  monkey kidney 
ce lls  m ore  o ften  than o ther ce ll types used in  re sp ira to ry  v iru s  work 
(Pal e t a l. 1963) and i t  is  possib le  tha t h igher iso la tion  ra te s  might be 
achieved i f  cu ltu res  w ere held a t 36°C ra th e r  than 33°C.
Many v iru se s  a re  m ost conveniently iden tified  in monkey kidney tissu e  
cu ltu res. F lu ids f ro m  cu ltu res in fec ted  with in fluenza v iru se s  usually  
contain enough com plem ent-fix ing  antigen and haem agglutinin fo r  the v iru s  
type and s tra in  to be determ ined  by CF and HI te s ts  with sp ec ific  an tiserum . 
P ara in flu en za  v iru se s  do not usually  produce high t i t r e s  o f haem agglutinin in
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tissu e  cu ltu res  and a re  iden tified  e ith e r by haem adsorption-irihibition which 
is  quick but w astefu l o f an tiseru m  o r by neu tra liza tion  which is  slow er but 
re q u ire s  le s s  an tiserum . Most en te ro v iru ses  a re  iden tified  in  monkey kidney 
tissu e  cu ltu res  by neu tra liza tion  te s ts  with sp ec ific  an tise ra .
P r im a ry  and secondary monkey kidney ce lls  have o ther applications in 
the study o f re sp ira to ry  v iru s  epidemiology. P ara in flu en za  in fec tions a re  
o ften  diagnosed sero log ically  by CF o r  HI te s ts  using com plem ent-fix ing 
antigens and haem agglutinins p rep ared  in  monkey kidney ce lls . N eutralizing 
antibodies against in fluenza and para in fluenza v iru se s  a re  m ost conveniently 
detected in monkey kidney tissu e  cu ltu res . T hese cu ltu res  a re  a lso  used 
to p re p a re  para in fluenza  antigens which a re  inoculated into an im als to 
p rep a re  sp ec ific  hyperim m une an tise ra .
P r im a ry  and secondary monkey kidney ce lls  have one m ain disadvantage. 
They freq u en tly  contain contam inating sim ian  v iru se s . Some o f th e se , 
such a s  foam y agent, cause p rem a tu re  degeneration o f the cu ltu res.
In fection  with o th e rs , SV-5 and SV-41 causes haem adsorption and re n d e rs  
the cu ltu res  u se le ss  f o r  the detection o f in fluenza and para in fluenza  v iru se s . 
N o n -specific , non -v ira l haem adsorption  m ay a lso  occur in  kidney cu ltu res 
(Dowdle and Robinson, 1966). Latent in fec tions in  the cu ltu res  m ay also  
in te r f e re  with v iru se s  subsequently inoculated and v a ry  th e ir  sensitiv ity  
f o r  v iru s  isolation.
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Human Em bryonic Kidney. R hinoviruses o f the H type w ere f i r s t  shown 
to cause cytopathic e f fe c ts  in  p rim ary  cu ltu res  o f human em bryonic kidney 
(T y rre ll and P a rso n s , 1960). These e f fe c ts  w ere only seen i f  cu ltu res 
w ere  ro lled  a t 33°C in  m edium  with a low b icarbonate concentration. These 
ce lls  have since been widely used f o r  the iso la tion  o f rh inov iru ses . H am re 
(1963) has shown that secondary hum an em bryonic kidney ce lls  a re  m ore 
sensitive  than a s tra in  o f diploid hum an lung ce lls  f o r  the iso la tion  o f rh in o ­
v iru se s  but she subsequently found tha t WI-38 ce lls  w ere m ore sensitive 
than secondary hum an em bryonic kidney ce lls  (H am re, 1964). It appears  
tha t c e rta in  rh in o v iru ses  can be iso la ted  in hum an em bryonic kidney ce lls  
but not in lung ce lls  and o th e rs  can be iso la ted  only in  lung ce lls  (T y rre ll, 
e t a l. 1962; H iggins, 1966b).
P ara in flu en za  types 1 ,2  and 3 can be  iso la ted  in  p rim ary  hum an 
em bryonic kidney cu ltu res  (Chanock e t a l. 1963). A denoviruses a re  
freq u en tly  iso la ted  in  th e se  cu ltu res  (Vargosko e t a l. 1964, B ell e t al. 1960). 
Human em bryonic kidney ce lls  a re  a lso  susceptib le to  en te ro v iru ses .
N eutralizing antibodies against rh in o v iru ses  have been m easured  in 
hum an em bryonic kidney ce lls  by a m icrop laque-reduction  te s t  (T aylor- 
Robinson and 'Tyrrell, 1962) but the end-point method in human em bryonic 
f ib ro b la s ts  is  now m ore  generally  used  (Taylor-R obinson e t a l. 1963).
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P rim a ry  and secondary em bryonic kidney c e lls  have sev era l disadvantages. 
It is  usually  d if f ic u lt to obtain adequate and re g u la r  supplies o f tissu e .
T issue  f ro m  d if fe re n t em bryos m ay v a ry  considerably  in rh inov irus sensitiv ity  
(Johnson e t a l. 1962a). Human em bryonic tis su e s  may be chronically  in fec ted  
with v iru se s  p a rticu la rly  rubella  v iru s  (Sd.zer, 1963; Kay e t a l. 1964: G offe ,
1965). The cytopathic e f f e c t  o f v iru se s  is  o ften  tra n s ito ry  in  p rim ary  and 
secondary hum an em bryonic kidney ce lls ; th is  has been observed with rh in o ­
v iru se s  (T y rre ll and P a rso n s , 1960) and en te ro v iru ses  (L ikar, 1961).
(b) Sem i-Continuous Cell S trains
A cell s tra in  is  defined  by H ayflick and Moorhead (1961) a s  "a population 
of ce lls  derived  f ro m  anim al t is su e , subcultivated m ore than once in v itro . 
and lacking the p roperty  o f  indefin ite  s e r ia l  passage while p reserv in g  the 
chrom osom al karyotype ch arac te riz in g  the tissu e  o f o rig in". This 
defin ition  does not d istinguish  between secondary cu ltu res  and cell s tra in s , 
although m ost ce ll s tra in s  m ay be c a rr ie d  through 25 -  50 p assages and 
a re  th e re fo re  quite d is tin c t f ro m  secondary cu ltu res .
Human Em bryonic Lung F ib ro b la s ts . N um erous rh in o v iru ses  w ere 
reco v ered  in  the hum an em bryonic lung cell s tra in , WI-26 by H am parian 
and colleagues (1961b). T h is ce ll s tra in  and i ts  su c c e sso r, WI-38 have 
since been used  extensively. R hinovirus D .C ., which had consisten tly  
fa ile d  to grow in  p rim ary  human em bryonic kidney, w as read ily  iso la ted  
in  WI-38 ce lls  (T y rre ll e t a l. 1962) thus confirm ing  the orig inal observation
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o f A ndrewes and colleagues (1953) that the v iru s  would grow in human 
em bryonic lung ce lls . In com parative studies rh in o v iru ses  a re  iso lated
m ore o ften  in WI-38 ce lls  than in p rim ary  o r secondary human em bryonic
kidney ce lls  (H am re, 1964; H iggins, 1966b). The conditions under which
the hum an em bryonic lung ce lls  a re  m aintained m ust be ca re fu lly  controlled
and include ro lling  a t 33°C in  m edium  of pH 6.8 to 7 .4 , i f  rh inov iru ses  a re
to be iso la ted . D iffe re n t lung cell s tra in s  v a ry  in th e ir  sensitiv ity  to
poliovirus (Hayflick and M oorhead, 1961), in fluenza A v iru s  (K ilboum e,
Sigiura and Wong, 1964) and rh in o v iru ses  (T y rre ll et a l. 1962: Brown and
T y rre l l ,  1964). A ce ll s tra in  m ay be re s is ta n t to rh inov irus in fec tion  i f
i t  is  chronically  in fec ted  with rubella  v iru s  (G offe , 1965). Any cell s tra in
should th e re fo re  be ca re fu lly  te sted  f o r  sensitiv ity  b e fo re  being used f o r
v iru s  isolation.
Human em bryonic lung ce ll s tra in s  a re  sensitive to labo ra to ry  s tra in s  
o f a  wide range o f v iru se s  (H ayflick and M oorhead, 1961). P rim a ry  iso la tion  
o f rh in o v iru ses  and h e rp es  sim plex v iru s  is  m ore  freq u en t in  WI-38 ce lls  
than in  p rim a ry  human em bryonic kidney ce lls ; but WI-38 ce lls  a re  le s s  
e f f ic ie n t f o r  the iso la tion  o f adenov iru ses, en te ro v iru ses  and m yxoviruses 
(Higgins, 1966b). T h ere  is  one re p o r t indicating tha t RS v iru s  m ay be 
iso la ted  a s  freq u en tly  in  WI-38 ce lls  a s  in  HEp-2 ce lls  (Anderson and B eem ,
1966). Human em bryonic cell s tra in s  a re  a lso  used f o r  identify ing re sp ira to ry  
v iru s e s , ti tra tin g  rh in o v iru ses  and th e ir  neu tra liz ing  antibody and f o r
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p reparing  rh inov irus antigens. R hinoviruses a re  iden tified  by neutra lization  
te s ts  with sp ec ific  a n tise ra  o r an tiserum  pools e ith e r in  tubes o r in m odified 
m ic ro titre  p la tes  (Gwaltney, 1966). R esp ira to ry  syncytial v iru s  has been 
iden tified  in  human fe ta l  diploid ce lls  by an im m unofluorescent staining 
method (Schieble, Lennette and K ase, 1965). Rhinovirus neutra liz ing  antibody 
is  estim ated  by the m icrop laque-reduction  te s t  o r  tube neu tra liza tion  te s t; 
the la t te r  is  a lm ost a s  sensitive  i f  sm all quantities of v iru s  a re  used (T aylor- 
Robinson e t a l. 1963). M acroplaques a re  produced by rh inov iru ses  in  human 
em bryonic lung ce lls  (P o rte rf ie ld , 1962; K isch , Webb and Johnson, 1964; 
H a f f , W ohlsen, F o rce  and S tew art, 1966) but th is  technique has not been 
widely used. Hyperim m une rh inov irus an tise ra  have been obtained f ro m  
an im als im m unized with antigens p rep ared  in  WI-38 ce lls  (F en te rs , Gillum, 
H olper and M arquis, 1966). In som e case s  lung fib ro b la s ts  w ere grown 
a s  a m onolayer around the en tire  inner c irc u m feren c e  o f ro lle r  bo ttles 
(H am re, Connelly and Procknow , 1964).
Human em bryonic kidney F ib ro b la s ts . H ayflick and Moorhead (1961) 
rep o rted  tha t rh in o v iru ses  would grow in human em bryonic kidney cell 
s tra in s ; but they have not been used f o r  rh inov irus iso lation . They a re  
slightly  le s s  sensitive  than p rim ary  o r  secondary monkey kidney ce lls  f o r  
the iso la tion  o f en te ro v iru ses  but m ore  sensitive to  adenoviruses (Schmidt,
Ho and Lennette, 1965).
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Human em bryonic kidney s tra in s  a re  not a s  easy  to derive f ro m  the 
p rim ary  ce lls  a s  lung s t r a in s  because a f te r  6 - 9  passages the m orpho­
logical appearance o f the ce ll m onolayer changes f ro m  epthelioid to 
f ib ro b la s tic . Cell s tra in s  m ay not always surv ive th is  c r it ic a l stage.
Human A orta C ells. F ou r cell s tra in s  have been derived f ro m  human 
atherom atous le sio n s  and c a rr ie d  through 30 passag es  (Behbehani, Melnick 
and DeBakey, 1965). One o f th e se , A -39, has been com pared with WI-38. 
and human em bryonic kidney ce lls  f o r  the iso la tion  of rh inov iru ses (Phillips, 
Melnick and G rim , 1965a). R hinoviruses w ere iso la ted  f ro m  s im ila r  num bers 
of specim ens in  each o f the cell types but not always f ro m  the sam e specim ens. 
More rh in o v iru ses  w ere iso la ted  in  WI-38 and A-39 ce lls  than in human em bryonic 
kidney ce lls  during two periods but during a th ird  period  m ore w ere isolated  
in kidney ce lls . The hum an ao rta  ce lls  a lso  appear to be sensitive to 
m yxoviruses, adenoviruses and en te ro v iru ses .
Human em bryonic cell s tra in s  re ta in  the wide range of v iru s  susceptib ility  
of p rim ary  and secondary ce lls . They a re  usually  capable of 30 -  50 serial 
passag es . T hus, v a s t quantities o f ce lls  may be obtained f ro m  a single 
em bryo. E arly  p assag es  o f a ce ll s tra in  may be fro z e n  and its  v iru s  
sensitiv ity  thoroughly te sted  b e fo re  use . Cell s tra in s , th e re fo re ,  overcom e 
the p rob lem s o f shortage o f fe ta l  m a te ria l and varia tio n  in  v iru s  sensitiv ity  
betw een em bryos and yet re ta in  m ost o f the range o f v iru s  susceptib ility  of 
p rim ary  ce lls .
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(c) Continuous Cell L ines
A cell line is  defined by H ayflick and Moorhead (1961) a s  "a population 
o f ce lls  derived f ro m  anim al tissu e  and grown in v itro  by se r ia l subcultivations 
f o r  indefin ite  periods o f tim e  with a departu re  f ro m  the chrom osom e num ber 
ch arac te riz in g  its  source" . A rece n t publication o f the Cell C ulture Collection 
C om m ittee (1965) l i s t s  over 40 such cell lin es  o r  clones of cell lin es  and th e re  
a re  probably many m ore not yet p ro p erly  ch a rac te rised . However, only two 
cell lin es  have been widely used in re sp ira to ry  v iru s  work: HeLa ce lls ,
o rig inally  derived  by Gey, C offm an  and Kubicek (1952) f ro m  a carcinom a o f 
the hum an cerv ix  and HEp-2 c e lls , o rig inally  derived f ro m  a carcinom a of 
the hum an larynx  (M oore, Sabachewsky and Toolan, 1955).
HeLa C ells R esp ira to ry  syncytial v iru s  h as  been iso la ted  in  HeLa ce lls  
which w ere grown and m aintained in m edium  containing h o rse  serum  
(H am parian e t a l. 1961a) and in HeLa ce lls  grown and m aintained in medium 
containing rab b it serum  (Peacock and C larke , 1961). The la t te r  ce lls  have 
becom e known a s  B ris to l*  HeLa ce lls  and been widely used in  B ritain .
The iso la tion  o f re sp ira to ry  syncytial v iru s  does not appear to req u ire  
rig id ly  controlled  conditions o f cu ltu re . The v iru s  has been iso la ted  in 
e ith e r s ta tionary  o r ro lled  cu ltu res  m aintained a t 33°C o r 37°C. Some re p o rts  
suggest tha t fre e z in g  specim ens b e fo re  inoculation into tissu e  cu ltu res  
inactiva tes  re sp ira to ry  syncytial v iru s  but the  v iru s  h as  been recovered  f ro m  
a high proportion  o f se lec ted  specim ens which had been fro z e n  in d ry  ice  in
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g lass  sealed am poules and thawed tw ice (Ham parian et al. 1961a). Cytopathic 
changes may not develop i f  the m edium  of inoculated cu ltu res  is  not changed 
every  3 - 4  days (Yabrov, Golubev and Sm orodintsev, 1964). P ara in fluenza  
v iru s e s , h e rp es  v iru s , adenoviruses and en te ro v iru ses  may also  be isolated  
in HeLa ce lls . P ara in flu en za  v iru se s  and m ost en tero v iru ses  a re  le s s  
freq u en tly  iso la ted  in HeLa than in  p rim ary  o r secondary monkey kidney ce lls  
(Holzel et a l. 1965a; K elly and Sanderson, 1962; P a l e t a l. 1963). 
A denoviruses and h e rp es  sim plex v iru s  a re  iso la ted  m ore o ften  in HeLa than 
in  monkey kidney ce lls  (Pal et al. 1963: Holzel e t al. 1965a)„
HeLa ce lls  a re  used in o ther a sp ec ts  o f re sp ira to ry  v iru s  work. 
R esp ira to ry  syncytial v iru s  is  iden tified  e ith er by com plem ent fixation  
using antigen grown in  HeLa ce lls  o r  by neu tra liza tion  in  HeLa ce lls . Adeno­
v iru se s  grown in HeLa ce lls  may be iden tified  by com plem ent fixation  and 
then by neu tra liza tion  in HeLa c e lls  o r  by HI. R esp ira to ry  syncytial v iru s  
and adenovirus in fec tions a re  o ften  diagnosed sero log ically  by com plem ent 
fixa tion  te s ts  using antigens p rep ared  in HeLa ce lls . N eutralizing antibodies 
against RS v iru s  and adenoviruses a r e  measured in  HeLa cell cu ltu res.
A n tisera  against RS v iru s ,  adenoviruses and rh in o v iru ses  have been p repared  
in  an im als im m unized with v iru s  grown in HeLa ce lls  (Doggett and T ay lo r- 
Robinson, 1965; R osen, 1960; K e tle r, H am parian and H illem an, 1962). 
R hinoviruses fo rm  m acroplaques under ag a r provided a sensitive line  o f HeLa 
ce lls  and app rop ria te  conditions a re  used  (F iala and Kenny, 1966).
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HEp-2 C ells Most of the v iru se s  iso la ted  and grown in HeLa ce lls  may 
a lso  be iso la ted  and grown in HEp-2 ce lls . In the USA, RS v iru s  is  m ost 
commonly iso la ted  in HEp-2 ce lls . In one com parative study, adenoviruses 
w ere recovered  equally o ften  in  HEp-2 and HeLa ce lls  (Pal et a l. 1963).
O ther Continous Cell L ines. KB c e lls , derived f ro m  human epiderm oid 
carcinom a o f the mouth (Eagle, 1955) have been used to iso la te  RS v iru s  
(Chanock e t al. 1957) and to p rep a re  high titre d  pools o f rh inov iru ses 
(Johnson and R osen, 1963).
The orig inal iso la tions o f RS v iru s  w ere  m ade in  Chang liv e r  ce lls  
(M orris et al. 1956).
C ells o f continuous lin es  m ultiply rap id ly  and, th e re fo re ,  may be 
produced in  la rg e  quantities. However, HeLa ce lls  do not a ll have the sam e 
v iru s  sensitiv ity ; som e a re  sensitive f o r  rh inov irus plaque production o thers  
a re  not (F iala and Kenny, 1966). "B ris to l"  HeLa ce lls  becom e le s s  susceptib le 
to RS v iru s  i f  they a re  grown in c a lf  se rum  (T y rre ll, 1963). HeLa ce lls  
re s is ta n t to echoviruses have a lso  been rep o rted  (Nakano, 1959). HeLa 
ce lls  grown in se ru m  containing poliovirus inh ib ito rs a re  le s s  sensitive 
to poliovirus even a f te r  serum  h as  been rem oved by repea ted  washing 
(Tom linson, D avies, and Madigan, 1964).
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(d) O rgan C ultures
"The p rincip le  object o f organ cu ltu res is  to re ta in  the various constituents 
o f a tissu e  in norm al re la tionsh ip  to each o ther and functioning in a norm al 
way, while they a re  outside the body in an a r ti f ic ia l  cu ltu re  m edium " (Hoorn 
and T y rre ll ,  1965). This technique has been applied to the study o f re sp ira to ry  
d iseases  and has recen tly  led to the d iscovery  o f new v ira l agents.
R hinoviruses may be iso la ted  in  organ cu ltu res  o f human em bryonic 
trac h ea , f ro m  specim ens which yield no v iru s  in  tissu e  cu ltu res o f sem i- 
continuous human em bryonic lung ce ll s tra in s  o r p rim ary  human em bryonic 
kidney c e lls  (T y rre ll and Bynoe, 1966; H iggins, 1966c). A new type of 
v iru s , B814, has been iso la ted  in organ cu ltu res f ro m  nasal washings obtained 
f ro m  a boy with a common cold (T y rre ll and Bynoe, 1965). This v iru s  is  
e th e r-lab ile  and m orphologically s im ila r  to a v iru s  iso la ted  f ro m  human 
re sp ira to ry  d isease  in  Chicago (Ham re and Procknow , 1966) and to avian 
in fec tious b ronch itis  v iru s  (Almeida and T y rre ll ,  1967).
O rgan cu ltu re  appears  to be a highly sensitive system  f o r  the iso la tion  
o f re sp ira to ry  v iru se s . This technique may a lso  be u se fu l to study the 
pathogenesis o f re sp ira to ry  v iru se s  since i t  supplies conditions s im ila r  to 
those found in vivo. However, f e ta l  tissu e  is  not always read ily  available 
and the growth of som e v iru se s  in  organ cu ltu res is  only detected by 
inoculation o f adult human vo lun teers. These two fa c to rs  a re  lim ita tions
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on the use  of the technique in diagnostic virology.
T issue cu ltu re  is  now the e ssen tia l foundation upon which a ll study of the 
epidemiology c£ re sp ira to ry  v iru se s  is  built. The introduction o f new types 
o f c e lls , cu ltu ra l conditions and techniques has led  to the d iscovery  o f new 
types of re sp ira to ry  v iru se s . The im portance o f tissu e  cu ltu re  to the 
understanding o f re sp ira to ry  d isease  is  em phasized by the rap id  p ro g re ss  
which has been m ade since the introduction o f th is  technique. In 1951 the 
cau ses  o f severe  re sp ira to ry  illn e ss  in  ch ildren  w ere  v irtu a lly  unknown; i t  
is  now possib le  to  diagnose a causal agent in  over h a lf  o f these  cases .
F if te en  y e a rs  ago the aetiology of the common cold could only be studied in 
human vo lun teers; i t  is  now possib le  to  cu ltu re  v iru se s  in v itro  f ro m  75% 
of such illn e sse s . The iso la tion  and in v itro  cultivation o f causal agents is  
the f i r s t  step tow ards an understanding o f the complex epidemiology of 
re sp ira to ry  d isease .
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CHAPTER 2 
MATERIALS AND METHODS
Most o f the m a te ria ls  used in  th is w ork w ere obtained f ro m  com m ercial 
sou rces and a re  s im ila r  to those used in many v iru s  lab o ra to rie s  using 
tissu e  cu ltu res. I shall not th e re fo re  describ e  th e ir  p repara tion  in detail 
but w ill indicate th e ir  com position and im portan t aspects  o f th e ir  p re p a ra ­
tion and storage.
The methods I have used f o r  the p repara tion  o f monkey kidney and HeLa 
tissu e  cu ltu res  a re  those in use a t the Regional V irus L abora to ry , Ruchill 
H ospital, Glasgow. The cultivation and handling of human em bryonic tissu e  
cu ltu res a re  not described  h e re  a s  they w ill be considered in detail in Chapter 
3. Techniques f o r  the collection, p repara tion  and testing  o f clin ical 
specim ens f o r  v iru s  iso la tion  w ere  in itia lly  s im ila r  to those seen a t the 
Common Cold R esearch  U nit, Salisbury in  1961. They w ere , how ever, 
m odified  in  the ligh t of experience and experim ents which I shall describe  
in th is  C hapter and in C hapters 4 and 6. Methods used  f o r  the iden tification  
and titra tio n  o f v iru se s  and f o r  neu tra liza tion , haem agglutination and 
haem agglutination-inhibition te s ts  w ill be described  in th is C hapter. C ertain  
aspects  o f iden tifica tion  and neu tra liza tion  te s ts  which re la te  spec ifica lly  
to rh in o v iru ses  and RS v iru s  w ill be described  in  C hapters 4 and 6 respectively .
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M aterials
The com position o f the various balanced sa lt solutions and tissu e  cu lture 
m edia a re  shown in  Tables 2.1, 2.2 and 2.3.
Phosphate B u ffe red  Saline (PBS)
Obtained f ro m  Oxoid Ltd. and p repared  according to m a n u fa c tu re r 's
in struc tions. 5 m l o f 0.4% phenol red  solution added p e r l i t r e .  Autoclaved 
2
a t 10 lb s / in  f o r  15 m in and sto red  a t room  tem peratu re .
H anks' Balanced Salt Solution (BSS)
Obtained f ro m  Oxoid Ltd. and p repared  according to m a n u fa c tu re r 's
2 oin struc tions. Autoclaved a t 10 lb s / in  f o r  15 m in and sto red  a t 4 C. B efo re
use pH adjusted a s  req u ired  with 4.4% sodium bicarbonate solution.
Lactalbum en Hanks' Solution (LH)
P rep ared  a s  BSS, with lactalbum en hydro lysate (5 g /litre )  added b e fo re
ste riliza tion .
T ryp tose Phosphate B roth (TPB)
Obtained f ro m  D ifco L ab o ra to ries  and p repared  according to  m anufac­
tu r e r 's  in struc tions. Autoclaved a t 10 lb s /in ^  f o r  15 m in and sto red  a t 4°C. 
E ag le 's  Minimum E ssen tia l Medium (MEM)
Obtained a s  10 tim es concentrate without sodium bicarbonate  f ro m  
B urroughs W ellcome Ltd. B efo re  use pH adjusted a s  requ ired  with 4.4% 
sodium bicarbonate  solution.
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Eagle *s B asal Medium (BM)
Obtained f ro m  Flow L abora to ries  Ltd. a s  a s e r ie s  o f stock concentrates 
and m ade up according to m a n u fa c tu re r^  in struc tions. Glutamine added 
im m ediately  b e fo re  u se , and pH adjusted a s  req u ired  with 4.4% sodium 
bicarbonate solution.
P a rk e r !s Medium 199
Obtained f ro m  Glaxo L ab o ra to ries  Ltd. a s  a 10 tim es  concentrate con­
taining sodium  bicarbonate  (8.8 gA itre) and antib io tics (2000 u n its /m l 
pen icillin , 1000 jug/ml streptom ycin).
Sodium B icarbonate Solution
Sodium bicarbonate  4.4 g
Phenol red  solution (0.4%) 0.5 ml
Deionized w ater to 100 m l
Saturated with carbon dioxide until orange. C ontainers tightly sealed
2 oand autoclaved a t 10 lb s / in  f o r  15 min. Stored a t 4 C.
Sodium b icarbonate  solution (4.4%) obtained f ro m  B urroughs W ellcome
Ltd. w as used to p rep a re  m edia f o r  human em bryonic cu ltu res.
P en ic illin  and Streptom ycin Solution (PSS)
!C rystam ycin! (Glaxo L abo ra to ries  Ltd.) 0.5 g
Hanks* BSS to 50 m l
P rep ared  asep tically . Stock solution, containing 10,000 u n its /m l
penicillin  and 10,000 y g /m l s trep tom ycin , s to red  a t -20°C.
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M ycostatin Solution
’N ystatin1 (E.R. Squibb) 500,000 units
H anks’ BSS to 200 m l
P rep a red  asep tica lly  and sto red  a t -20°C.
Aureom ycin Solution
A ureom ycin 0.5 g
S terile  Deionized w ater to 100 ml
F ilte red  through asb esto s  pads previously  washed in  the solution 
(I m l/4  crn^). Stored a t -20°C.
C alf Serum
Pooled blood f ro m  sev era l calves allowed to d o t  overnight a t room  
tem pera tu re . Serum  separated  by cen trifugation  a t 1,500 re v /m in  f o r
10 min. F ilte red  through asbesto s  pads (F ord ’s SB pads) previously  washed
2 o
with serum  (1 m l/4  cm  o f f i l t e r  pad). Stored a t -20 C. Incubated a t
56°C f o r  30 m in b e fo re  u se  in  m aintenance m edia.
S terile  c a lf  se ru m  also  obtained f ro m  B urroughs W ellcome Ltd. and
Flow L ab o ra to ries  Ltd.
Newborn C alf Serum
Blood obtained f ro m  individual newborn unsuckled calves. Not pooled.
P rep a red  and s to red  a s  f o r  o rd inary  ca lf  serum .
Rabbit Serum
Initia lly  obtained f ro m  individual rab b its  by card iac  puncture. Not 
pooled. P rep a red  and s to red  a s  f o r  c a lf  serum . Incubated a t 56 C fo r
30
30 m in b e fo re  use . F rom  July 1964, pooled inactivated rabb it serum  
obtained com m ercially  (Burroughs W ellcome Ltd.)
F reah  Unheated Rabbit Serum
Blood obtained f ro m  individual rab b its  by card iac  puncture. Not pooled. 
Allowed to clo t f o r  4 hours a t room  tem pera tu re . Serum  separated  by 
cen trifugation  a t 1,500 re v /m in  f o r  10 m in and sto red  im m ediately  a t -20°C. 
Fowl Serum
Blood obtained f ro m  individual fow ls by card iac  puncture. Not pooled. 
Serum  p repared  and s to red  a s  f o r  c a lf  serum . Heavy p rec ip ita te  o ften  
developed on thawing the serum  f o r  use. P rec ip ita te  rem oved by c e n tr i­
fugation and serum  incubated a t 56°C f o r  30 m in b e fo re  addition to medium. 
Bovine P lasm a Albumen Solution
Bovine p lasm a album en (Arm our P harm aceu tica ls  Ltd.) 10 g 
Hanks* BSS to 100 ml
F ilte red  through asb esto s  pads previously  washed in  solution 
(I m l/4  cm^ o f  f i l t e r  pad). Stored a t 4°C.
T rypsin  Solution
T rypsin  (Difco 1:250) 1 g
Sodium bicarbonate  solution 10 m l
PBS to 400 m l
S tirred  a t 37°C f o r  30 m in. F ilte red  through asb esto s  pads previously
2 . ow ashed with solution (1 m l/4  cm  o f f i l t e r  pad). Stored a t -20 C.
Trypan Blue Solution
Trypan blue 0.1 g
PBS to 100 m l
Stored a t room  tem p era tu re .
N eutral Red Solution
N eutral red  0.1 g
Deionized w ater to 100 m l
2
Autoclaved a t 10 lb s  An f o r  15 min. Stored a t room  tem pera tu re .
Diluted 1/80 in  tissu e  cu ltu re  medium  f o r  use.
B u ffe r  Solutions
Phosphate B u f fe r ,  0.5M, pH 7.2
KH2P04 1.94 g
Na HPO ,2H 0 6.20 g
Deionized w ater to 100 ml
Phosphate B u ffe r ,  0.1 M, pH 7.0
KH2P04 0.53 g
Na2HPO4.2H20 1.05 g
Deionized w ater to 100 ml
Sodium C itra te  -  C itric  Acid B u f fe r ,  0.1 M, pH 4.0 
Disodium c itra te  solution
C itric  acid (H O) 2.1 g
IN NaOH 20 ml
Deionized w ater to 100 ml
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B u ffe r  p rep ared  by mixing:
D isodium c itra te  Solution 55.8 m l
O.IN HCl 44.2 ml
2
Each b u f fe r  solution autoclaved a t 10 lb s / in  f o r  15 min. pH m easured  
on R adiom eter pH 4 m e te r. A cceptable i f  within 0.1 o f d esired  pH. Stored 
a t room  tem pera tu re .
T ran sp o rt Medium
Bovine P lasm a Albumen solution 20 ml
NaHCO^ solution 2 m l
PSS 1 m l
M ycostatin solution 1 m l
H anks' BSS 76 m l
P rep a red  asep tically  each month. Stored a t 4°C.
V irus Stock S trains
RS v iru s . Randall s tra in  
CH 18537 s tra in  
P ara in flu en za  type 1 Copenhagen 222 s tra in  
P ara in flu en za  type 2 ALTB s tra in  
P ara in flu en za  type 3 Bovine s tra in  
E chovirus 28 JH s tra in
R hinovirus HGP 
R hinovirus FEB
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Specific N eutralizing A n tisera
A ntisera  against in fluenza and para in fluenza v iru se s , RS v iru s , h erpes 
sim plex v iru s , adenoviruses and echovirus 28, w ere obtained f ro m  Dr. P . 
B ra d s tre e t, S tandards L abora to ry , Colindale.
Rhinovirus an tise ra  NIH 1200, NIH 33342, Chicago 164-A and Chicago 
137-3 w ere  obtained f ro m  R eferen ce  Reagents B ranch o f National Institu tes 
of Health. Dr. C.A. P h illip s  o f Houston supplied B aylor type 3 an tise ra .
All the rem ain ing  rh inov irus an tise ra  except those m ade against Ruchill 
S trains w ere obtained f ro m  D r. P.J. Chappie o f the Common Cold R esearch  
Unit, Salisbury.
Methods
P rep ara tio n  and M aintenance o f T issue  C ultures 
R hesus Monkey Kidney (RMK)
Media Growth M aintenance
E ag le 's  MEM 93 m l 95 m l
C alf serum 5 m l 1 ml
NaHCOg solution 1 m l 3 ml
PSS 1 ml 1 ml
P r im a ry . A single kidney w as asep tica lly  rem oved f ro m  a  rh esu s  
monkey. The capsule and m edulla w ere  d iscarded  and the cortex  fin e ly  
chopped with s c is so rs . The m inced tissu e  was washed with PBS and then 
added to  100 m l o f try p s in  solution. T his w as agitated  by a m agnetic
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s t i r r e r  a t 36°C f o r  30 m in. The flu id  w as then decanted o f f  the minced 
tissu e  and rep laced  by a f r e s h  100 m l of try p sin  solution. This was 
agitated until the p ieces of tissu e  had d isin tegrated  (about 2 - 3  hours).
The kidney ce lls  w ere cen trifuged  out o f suspension and resuspended in 
growth m edium. T his ce ll suspension was diluted 1A0 in trypan  blue 
solution and the unstained ce lls  w ere counted in  a haem ocytom eter. The 
cell suspension was diluted to contain 1.5 x 10^ v iable c e lls /m l and dispensed 
in  0.8 m l volum es into 4 in  x % in P yrex  te s t  tubes o r  in 60 m l volum es into 
P yrex  Roux f la sk s . A m onolayer o f ce lls  usually  fo rm ed  in  5 -  7 days.
The growth m edium  w as then rep laced  with m aintenance medium.
Secondary. The m edium  w as d iscarded  f ro m  a Roux f la s k  o f p rim ary  RMK
and the cell la y e r  covered with 5 m l o f 0.25% try p s in  solution. A fte r  2
min the try p s in  w as poured o f f  and the bottle  incubated a t 36°C until the ce lls
w ere  f r e e  f ro m  the g la ss  (about 30 min). The ce lls  w ere resuspended  in
5 m l growth m edium  and th is  ce ll suspension diluted 1A0 in  trypan  blue
solution. Unstained ce lls  w ere counted in  a haem ocytom eter. The v iable
4ce ll concentration w as adjusted to 8 x 10 c e lls /m l with growth m edium  and 
dispensed into tubes. C ells fo rm ed  a confluent sheet in  2 -  3 days. The 
cu ltu res  w ere then changed to m aintenance medium.
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"B ris to l” HeLa
Media Growth M aintenance
E ag le1 s MEM 92 ml 93 m l
Rabbit serum  5 m l
Fowl serum  -  2 m l
NaHCO^ solution 2 m l 4 ml
PSS 1 m l 1 m l
Two lin es  o£ these  ce lls  w ere  continuously cultured in 4 oz m edical
f la t  bo ttles o r Roux f la s k s . Both cell lin es  w ere reseeded  weekly but
never on the sam e day. The m edium  w as rep laced  by 2 m l o f 0.25%
trypsin  solution. A fte r  2 m in on the ce ll la y e r  the try p s in  w as decanted
and the bottle incubated a t 36°C until the ce lls  detached f ro m  the  g la ss
(about 5 - 1 0  min). C ells w ere then asp ira ted  in  5 m l o f growth medium.
The resu ltin g  suspension w as diluted 1/L0 in trypan  blue solution. Unstained
ce lls  w ere  counted in  a haem ocytom eter. The ce ll suspension w as then 
4adjusted to 8 x 10 ce lls  p e r  m l and seeded into tubes o r fu r th e r  bo ttles  a s  
requ ired .
A fte r  two days the tubes w ere  changed to m aintenance m edium .
Collection and T rea tm en t o f Specim ens
At the beginning o f the study in  January 1962 nasa l and th ro a t specim ens 
w ere collected separa te ly . N asal w ashings w ere obtained by dropping 2 ml 
of tra n sp o rt m edium  up each n o s tr il o f the patien t who then tilted  the head
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fo rw ard  and expelled the flu id  into a s te r ile  g la ss  ja r .  I f  the patien t was 
too young to  co -o p era te , nasal specim ens w ere obtained by placing a pledgelet 
o f cotton wool up each n o s tr il in  tu rn  and placing th is  in  2 m l of tra n sp o rt 
medium. The th ro a t was swabbed with cotton wool on the end o f a wooden 
stick  which w as im m ediately  broken into 2 m l of tra n sp o rt m edium. Cough 
sputum w as collected  f ro m  chronic b ronch itics  w here possib le.
Most specim ens w ere tran sp o rted  to the lab o ra to ry  within 2 hours but 
som e specim ens f ro m  genera l p rac titio n e rs  w ere  held overnight a t 4°C. On 
a rr iv a l a t the lab o ra to ry  specim ens w ere  im m ediately  trea ted . The th ro a t 
swab w as squeezed with fo rc e p s  to ex p ress  the flu id . The nasal p ledgelet 
w as squeezed in  a 2 m l d isposable syringe. The sputum w as diluted 
approxim ately 1 in 4 with tra n sp o rt m edium  and shaken f o r  5 m in with s te r ile  
g lass  beads. The resu ltin g  f lu id s  w ere then cen trifu ed  a t 3,000 re v /m in  
f o r  10 m in and the supem ate  constituted the inoculum.
N asal specim ens and sputa w ere inoculated into p rim ary  o r secondary 
RMK ce lls  and, when availab le , p rim ary  HEK ce lls  (Table 2.4). The m edium 
o f th ese  cu ltu res  w as changed every  2 - 3  days to keep the pH between 7.0 
and 7.4. C ultures w ere exam ined f o r  m inim al cytopathic changes every  
two days and i f  no such changes occu rred  within 14 days they w ere considered 
negative and d iscarded .
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T hroat swab and sputum m a te ria l w as inoculated into p rim ary  o r
secondary RMK which had been washed tw ice with PBS b e fo re  changing to
P a rk e r 's  199 m edium  (Table 2.4). C ultures w ere exam ined m icroscopically
f o r  cytopathic changes every  3 - 4  days. E very  7 days they w ere tested
f o r  haqjadsorption: medium  w as rep laced  by 0.2 m l of 0.5% human group
*0' e rth ro cy tes  in  0.85% saline. C ultures w ere incubated a t 4°C f o r  20 min
in the sloped position and exam ined m icroscopically . C ells w ere then
washed with PBS, fe d  with P a rk e r 's  medium  199 and fu r th e r  incubated a t 
o
36 C. RMK cu ltu res  w ere considered  negative and d iscarded  i f  no cytopathic 
e f f e c t  o r haem adsorption was seen within 3 w eeks. T hroat swabs and sputa 
w ere also  inoculated \uitb BH cu ltu res (Table 2.4). Every  2 - 3  days these 
w ere exam ined m icroscopically  and changed to f r e s h  medium  to keep the 
pH above 7.4. I f  no cytopathic e f fe c ts  w ere seen within 3 w eeks, the 
cu ltu re  medium  was rep laced  by f r e s h  medium  containing 1/80,000 neu tra l 
red . A fte r  incubation a t 36°C overnight cu ltu res w ere st -ained and exam ined 
f o r  syncytia which might have been overlooked. C ultures w ere considered 
negative and d iscarded  i f  no syncytia w ere  p resen t.
Each specim en w as inoculated into two tubes (0.2 m l p e r  tube) o f each 
type o f tissu e  cu ltu re  and f o r  each specim en one tube o f each tissu e  was 
inoculated with tra n sp o rt m edium  (0.2 m l p e r  tube) a s  control. T est and 
control cu ltu res  w ere  tre a te d  in  the sam e way throughout. E xcess specim en 
m a te ria l w as s to red  a t -70°C in a g la ss  sealed am poule.
I f  cu ltu res  d eg enera ted  through age o r toxicity  b e fo re  the observation
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period w as com plete , the ce lls  w ere scraped  o f f  the tube with a p as teu r 
pipette and approxim ately  0.2 m l o f ce lls  and tissu e  cu ltu re  flu id  tr a n s fe r re d  
to f r e s h  cu ltu res  w ithout p r io r  freez in g . C ultu res showing cytopathic e f f e c t  
o r haem adsorption w ere  passed  to additional cu ltu res  to provide a v iru s  pool 
which w as supplem ented with 1% bovine p lasm a album in i f  in  s e ru m -f re e  
m edium. V irus pools w ere  divided into aliquots o f  about 0.5 m l in  g la ss  
sealed am poules and sto red  a t -70°C until req u ired  f o r  iden tifica tion .
M odifications to Collection and T rea tm en t o f Specim ens
At the beginning o f August 1962 a ce ll s tra in , RH EL-7 w as derived  f ro m  
human em bryonic lung (Chapter 3). Since p rim ary  HEK ce lls  w ere  so sc a rc e  
that le s s  than 12% o f specim ens had been inoculated into them , they w ere  
rep laced  by RH EL-7 ce lls  f ro m  the end o f August 1962. RH EL-7 ce lls  
w ere rep laced  by WI-38 ce lls  f ro m  M arch to  June 1963, by RHEKF-13 f ro m  
July 1963 to August 1964 and by RHEKF-30 o r  RHEKF-35 f ro m  Septem ber 
1964. The rea so n s  f o r  th ese  changes w ill be d iscussed  in C hapters 3 and 4.
F ro m  Septem ber 1963, th ro a t, nose and sputum  specim ens w ere  each 
inoculated into th ree  d if fe re n t  t is su e s  under app rop ria te  conditions (Table 
2.5).
Although th ro a t, nose and sputum  specim ens w ere tested  sep a ra te ly , 
d if fe re n t v iru se s  w ere never iso la ted  f ro m  d if fe re n t  specim ens f ro m  the 
sam e individual. T h e re fo re , f ro m  May 1964 th ro a t and nose specim ens 
w ere  placed in  the sam e bottle  of tra n sp o rt m edium  and exam ined a s  one
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specim en, except during studies on chronic b ronch tics when it  was 
desirab le  to know which p a r t o f the re sp ira to ry  tr a c t  yielded the v iru s .
A fte r  A pril 1964, specim ens w ere not cen trifuged  but 100 units penicillin , 
100 jig streptom ycin and 50 units m ycostatin  w ere added to each tube inoculated 
with clin ical m a te ria l f o r  reaso n s  described  in  C hapter 6.
F rom  January 1965, adults with upper re sp ira to ry  tra c t in fec tion  w ere 
asked to 'blow ' nasal secre tions  into a sm all polythene bag. This specim en 
rep laced  nasal washings except w here th e re  w as li ttle  o r no rh in itis . G lass 
beads and m edium  f ro m  the th roa t swab w ere  added to the polythene bag and 
shaken to provide the tissu e  cu ltu re  inoculum.
Identifica tion  of V iru ses
V iruses iso la ted  f ro m  clin ica l m a te ria l could o ften  be p a rtia lly  iden tified  
by the cytopathic e f fe c ts  they caused and the type o f tissu e  cu ltu res  in which 
these e f fe c ts  w ere seen. The identity o f such v iru se s  w as confirm ed  by 
neu tra lization  o r com plem ent fixation  te s ts  with sp ec ific  an tise ra . This 
was not always possib le with rh inov iru ses and a v iru s  w as c la ss ifie d  a s  a 
m em ber o f th is  group i f  i t  produced an en te ro v iru s-lik e  cytopathic e f fe c t  
in  hum an em bryonic cu ltu res ro lled  a t 33°C. in  medium  of low pH, w as 
ch lo ro fo rm -stab le  and acid -lab ile .
Cytopathic E ffe c ts
Rhesus Monkey Kidney C ultures. The appearance o f sm all a re a s  o f shrunken 
rounded c e lls  which rap id ly  sp read  to  involve the whole cell la y e r  suggested
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en terov irus o r , ra re ly ,  rh inov irus infection . Swelling and clumping of the 
ce lls  w as ch a ra c te ris tic  o f adenovirus in fection . Influenza v iru se s  caused 
ce lls  to round o f f  but o ften  rem ain  attached to each o ther by thin cytoplasm ic 
strands; th is  e f f e c t  w as usually  seen  within a week o f inoculation and such 
cu ltu res  strongly haem adsorbed hum an group "0" ery th rocy tes. P ara in fluenza  
v iru ses  caused no cytopathic e f f e c t  on f i r s t  passage but in fec ted  cu ltu res 
showed haem adsorption. RMK cu ltu res  in fec ted  with RS v iru s  gave a 
stringy  appearance which developed slowly f ro m  the edges o f the cell la y e r  
to involve the whole cu ltu re  a f te r  about two weekx\
B ris to l HeLa C ultures. E n terov iru ses  and h e rp es  sim plex v iru s  caused 
shrinkage and rounding o f BH c e lls , but the h e rp es  v iru s  grew  m ore read ily  
in human em bryonic tissu e  in  which it  could be distinguished f ro m  enteroviruses. 
The appearance o f la rg e  giant ce lls  usually  indicated the p resence  o f RS 
v iru s , and cell clumping and rap id  detachm ent f ro m  the g la ss  was c h a ra c te r ­
is tic  o f adenoviruses.
Human Em bryonic F ib ro b last C ultures. R hinoviruses and en tero v iru ses  
caused human em bryonic f ib ro b la s ts  to round up. H erpes sim plex caused 
swelling and separation  of the ce lls  which rem ained  joined only by thin 
cytoplasm ic th reads. Englargem ent o f the ce lls  accom panied by clumping 
indicated adenovirus infection . The appearance o f giant ce lls ,; usually  
a t the edges o f the la y e r , was c h a ra c te ris tic  o f RS v iru s  infection .
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N eutralization te s ts
SErum and v iru s  in  0.1 m l volum es w ere mixed in WHO agglutination tra y s  
and held a t room  tem p era tu re  f o r  1% h o u rs  b e fo re  inoculation into tissu e  
cu ltu res. A ntiserum  w as used a t the recom m ended dilution i f  obtained fro m  
other cen tre s  and diluted to contain 20 antibody units/0 .1  ml (Comm ittee on 
the E n te ro v iru ses , 1957) i f  p repared  a t Ruchill. V irus w as used a t two 
dilutions estim ated  to contain 10 and 100 TCD /0.1 m l, except f o r  rh in o v iru ses
j U
which w ere used a t one dilution and the te s t read  when a p a ra lle l v iru s  
titra tio n  showed tha t 32 -  100 TCD w ere p resen t.
j U
V iruses which produced c h a ra c te r is tic  giant c e lls  in  BH c e lls  w ere 
tested  f o r  neu tra lization  by RS v iru s  an tiserum .
Haem adsorbing v iru se s  w ere tested  f o r  neu tra liza tion  with an tise ra  
against para in fluenza types 1-3 and sim ian  v iru s  type 5. I f  cytopathic e f fe c ts  
w ere p re sen t, an tise ra  against influenza A and B w ere  also  included in the 
te st. Some s tra in s  o f influenza gave equivocal re su lts  in such te s ts  and 
w ere iden tified  by D r. C.A.C. R oss in  com plem ent fixa tion  te s ts  against 
human convalescent se ra .
V iruses producing cytopathic e f f e c ts  c h a ra c te r is tic  o f h e rp es  w ere 
tested  f o r  neu tra liza tion  by sp ec ific  an tiserum .
Agents suspected o f being adenoviruses w ere tested  f o r  neu tr :a liza tion  
by an tise ra  against adenovirus types 1-7, 15 and 21.
E n terov iru ses w ere tested  against a n tise ra  to po liov iruses 1-3, 
coxsackievirus A9, coxsack iev iruses B l-6 , echov iruses 1-9, and 11-27.
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R hinoviruses w ere tested  against a n tise ra  to:
echovirus 28
Salisbury s tra in s : HGP, B632, F E B , N orm an,
Thom pson, 16/60.
W est Point s tra in s : 1, 68, 181, 204, 5986, MRH.
NIH s tra in s : 353, 363, 1059, 1734, 11757,
33342, 1200.
Chicago s tra in s : 106F, 140F, 179E, 127-1, 164A, 137-3.
B aylor s tra in : B aylor 3.
RuchiU s tra in s : 409-62, 1321-62, 4574-62, 4704-62,
130-63, 1647-63, 1833-63, 4462-63, 1376-64, 1192-65, 
1767-65, 2030-65, 4411-65.
C h loroform  Sensitivity
The method used w as s im ila r  to tha t described  by Feldm an and Wang 
(1961). 1 m l o f v iru s  w as shaken f o r  5 m in with 0.1 ml o f ch lo ro fo rm  and
then cen trifuged  a t 1000 re v /m in  f o r  5 min. A contro l sam ple o f v iru s  
was trea ted  s im ila rly  except tha t ch lo ro fo rm  w as rep laced  by PBS. The 
supem ates  a f te r  cen trifugation  w ere then inoculated into tissu e  cu ltu res  
which w ere observed f o r  the appearance o f cytopathic e f fe c ts .  When 
testing  v iru se s  in  th is  way a known ch lo ro fo rm -se n sitiv e  v iru s  (herpes 
sim plex) w as alw ays included a s  a positive contro l. I f  cytopathic e f f e c ts  
appeared a t the sam e tim e in cu ltu res  inoculated with contro l and ch lo ro fo rm - 
trea ted  m a te ria l the v iru s  w as considered  to be stab le  to ch lo ro fo rm .
H erpes sim plex v iru s  w as always com pletely inactivated  by ch lo ro fo rm .
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Acid Sensitivity
The method used w as based  on that described  by T y rre ll and Chanock 
(1963). 0.2 m l o f v iru s  w as added to (a) 0.2 m l o f 0.1 M c itra te  b u f f e r ,
pH 4 , and (b) 0.2 m l of 0.1 M phosphate b u f f e r ,  pH 7, both in  % oz. bo ttles. 
A f te r  shaking, the bo ttles w ere incubated a t 36°C f o r  1 hour and then 0.4 
m l o f 0.5 M phosphate b u f f e r ,  pH 7.2, and 3.2 m l o f tissu e  cu ltu re  medium  
w ere added to each bottle . The contents o f each bottle  w ere then titra te d  
in tis su e  cu ltu res using tenfo ld  dilutions and two tubes p e r  dilution. I f  
incubation a t pH 4 caused a drop in  t i t r e  of an hundredfold  o r m ore the 
v iru s  w as considered to be ac id -lab ile . When testing  f o r  th is  p roperty  a 
known ac id -lab ile  v iru s  (rh inovirus FEB) and a known ac id -s tab le  v iru s  
(echovirus 7) w ere always included a s  con tro ls.
V irus T itra tions
Tenfold dilutions o f v iru s  w ere m ade in  PBS o r m aintenance m edium  
and 0.1 m l inoculated p e r tissu e  cu ltu re  tube. T h ree  to six tubes w ere  
used p e r dilution except in  titra tio n s  f o r  acid lab ility  of rh in o v iru ses  
w here only two tubes w ere  used. T itra tio n s  w ere read  a f te r  7 days and 
the TCD^q calculated by the method o f K arber.
RS v iru s  titra tio n s  w ere changed to m edium  containing 1/80,000 neu tra l 
red  a f te r  6 days.
R hinoviruses w ere som etim es estim ated  by m icroplaque counts m ade 
60 -  65 hours a f te r  inoculation. A m icroplaque w as defined  a s  a d isc re e t
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lesion  containing a t le a s t  six rounded ce lls . Counts f ro m  a num ber o f tubes 
w ere averaged to give the num ber o f m icrop laque-fo rm ing  un its (mfu) p e r 
0.1 ml.
N eutralizing Antibody T itra tio n s
Twofold (fo r rh inov irus and early  RS v iru s  antibody titra tions) o r  
fo u rfo ld  (fo r la te r  RS v iru s  antibody titra tions) dilutions of s e ra  w ere m ade 
in 0.25 m l am ounts in P©S in  WHO agglutination tray s . 0.25 m l o f v iru s  
diluted to contain between 10 and 68 TCD^^/0.1 m l (fo r rh inovirus) o r  32 
and 100 TCD^q/ 0.1 m l (fo r RS v iru s) w ere added to each serum  dilution.
A fte r  1% hours a t room  tem p era tu re  0.2 m l o f each se ru m -v iru s  m ix tu re  was 
inoculated into each o f two tubes o f tissu e  cu ltu re . The dilution of v iru s  
used w as diluted tenfo ld  and hundredfold and 0.1 m l o f each dilution inoculated 
into th ree  tissu e  cu ltu res  to es tim ate  the am ount o f v iru s  used.
The BH cu ltu res inoculated with RS v iru s  antibody titra tio n s  w ere  changed 
to f r e s h  medium  containing 1/80,000 neu tra l re d  a f te r  3 days and exam ined 
the following day.
Human em bryonic ce lls  inoculated with rh inov irus titra tio n s  w ere  exam ined 
when the v iru s  titra tio n  showed 10-32 TCD^^ o f v iru s  had been u sed , usually  
a f te r  3 days.
End-points w ere calculated  by the method o f K arb er and neu tra liz ing  
antibody t i t r e s  a re  expressed  a s  the rec ip ro ca l o f the dilution causing 
com plete neu tra lization  in 50% o f the tubes inoculated.
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H aem agglutination T e s ts
H aem agglu tination  te s ts  f o r  rh in o v iru se s  w e re  done in  WHO agglu tination  
tra y s  using  0.3 m l vo lum es o f  t is s u e  c u ltu re  f lu id s  and 1% suspensions o f 
e ry th ro c y te s . The blood c e lls  w ere  co llec ted  in  a c id -c i t r a te  d ex tro se .
They w ere  w ashed 3 t im e s  and resu sp en d ed  in  iso ton ic  (0.85%) sa lin e  not 
m o re  than  24 h o u rs  b e fo re  u se . T e s ts  w e re  re a d  by th e  p a tte rn  m ethod a f t e r  
incubation  f o r  1 hour.
H aem agglu tination-Inhib ition  T e s ts
The m ic ro ti tr e  sy s tem  w as u sed  f o r  haem agg lu tination -inh ib ition  te s ts
ag a in s t p a ra in flu e n z a  v iru s e s .
H aem agglutin in  w as p re p a re d  in  t is s u e  c u ltu re s  o f  secondary  RMK ro lle d
a t 33°C in  P a r k e r ’s  m edium  199. T he t is s u e  cu ltu re  f lu id  w as h a rv e s te d
when the  haem agglu tin in  t i t r e  had reac h ed  th e  m axim um , c en tr ifu g ed  a t
3 ,000  r e v /m in  and s to re d  in  1 m l am ounts a t  -70°C .
P re lim in a ry  t i tra t io n  o f  haem agglu tin in  ag a in s t hum an group !0f, guinea
pig  and fow l e ry th ro c y te s  a t 4 C , 18 C and 36 C (Table 2.6) ind icated  th a t
guinea p ig  c e lls  w e re  the  m o st su itab le  and th a t te s t s  f o r  p a ra in flu e n z a  ty p es
1 and 2 could be  done a t  ro o m  te m p e ra tu re  bu t f o r  type 3 h ig h e r t i t r e s  w ere
obtained a t  36°C. H aem agglu tination-inh ib ition  te s t s  w e re  th e re fo re  done
o
using  guinea p ig  c e l ls  a t  ro o m  te m p e ra tu re  f o r  types 1 and 2 and a t  36 C 
f o r  type 3.
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H aem agglutin ins w ere  t i tra te d  on the day o f  each te s t  and dilu ted  in  
iso ton ic  sa lin e  (0.85%) to  contain  4 haem agglu tinating  un its . S era  w ere  
tre a te d  w ith re c e p to r-d e s tro y in g  enzym e (B urroughs W ellcom e Ltd.) acco rd ing  
to m a n u fa c tu re rs  in s tru c tio n s : 0.1 m l o f se ru m  w as added to  0.4 m l o f
enzym e and incubated a t  36°C f o r  16 h o u rs ; the  m ix tu re  w as then  heated  
a t 56°C f o r  1 h o u r. Tw ofold d ilu tions o f  e n zy m e-trea ted  s e ra  w e re  m ade 
f ro m  1/10 to  1/640 in  iso ton ic  sa lin e  f o r  each  v iru s  and 1A0 d ilu tions f o r  
co n tro ls . H aem agglutin in  w as then  added to  each  se ru m  d ilu tion  and sa line  
to the  se ru m  co n tro ls . H aem agglutin in  w as again  t i tr a te d  to  c o n f irm  th a t 
4 un its  had been  u sed  in  th e  te s t .  A f te r  1 h o u r a t  ro o m  te m p e ra tu re  1% 
guinea p ig  e ry th ro c y te s  w e re  added and th e  p a ra in flu en za  type 3 te s ts  
incubated a t 37°C. A f te r  2 h o u rs  the  te s ts  w ere  re a d  by th e  p a tte rn  m ethod 
and the  t i t r e  taken  a s  th e  h ig h est d ilu tion  o f  s e ru m  w hich caused  a t  le a s t  
50% inhib ition  o f  haem agglu tination .
S era  w hich caused  n o n -sp e c if ic  haem agglu tination  in  the  se ru m  co n tro ls  
w ere  abso rb ed  w ith guinea pig  e ry th ro c y te s : 0.4 m l o f  en zy m e-trea ted
se ru m  w as added to  0.1 m l o f  packed e ry th ro c y te s  and held  a t  4 C f o r  2 
h o u rs . A f te r  c e n tr ifu g a tio n  th e  se ru m  w as rem oved  and re te s te d .
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CHAPTER 3
PREPARATION AND PRESERVATION 
OF HUMAN EMBRYONIC TISSUE CULTURES
S u ccessfu l iso la tio n  o f  r e s p ir a to ry  v iru s e s  r e q u ire s  th e  u se  o f  th re e  
types o f tis su e  c u ltu re s : m onkey kidney c e l ls ,  HEp-2 o r  HeLa c e lls  and 
hum an em bryonic c d l s .  When I began th is  w ork , the  f o r m e r  two types 
o f cu ltu re s  w e re  ro u tin e ly  used  in  the  la b o ra to ry  bu t th e re  w as no m ethod 
in  u se  a t  R uchill H ospital f o r  the  p re p a ra tio n  o f  hum an em bryonic ce ll 
cu ltu re s .
In itia lly , I u sed  p r im a ry  hum an em bryonic k idney c e lls  p re p a re d  acco rd ing  
to a m ethod I had o b served  a t  th e  Com m on Cold R e se a rc h  Unit. H ow ever, 
th is  tis su e  had  s e r io u s  d isad v an tag es: the  lo c a l supply o f hum an tis s u e  w as
in su ff ic ie n t; c e lls  m ultipH ed so rap id ly  th a t,  even i f  inocu lated  when se m i­
con fluen t, c u ltu re s  w e re  v ir tu a lly  u n read ab le  w ithin 5-8 days due to  the 
fo rm a tio n  o f la rg e  ag g reg a tes  o f  c e l ls ;  the  cy topath ic e f f e c t  o f  rh in o v iru se s  
could ea s ily  b e  m issed  i f  c u ltu re s  w ere  not c a re fu lly  exam ined each  day; 
kidney c e lls  f r o m  d i f f e r e n t  em b ry o s v a r ie d  in  th e ir  sen s itiv ity  to  rh in o ­
v iru se s  (Johnson e t a l. 1962a). I th e re fo re  a ttem p ted  to  d e riv e  sem i-con tinuous 
ce ll s tra in s  f r o m  hum an em bryonic kidney and lung tis s u e  by  the  m ethods o f 
H ayflick  and M oorhead (1961). C onsiderab le  d if f ic u l t ie s  w ere  encountered  
becau se  th e se  c e ll s t r a in s ,  p a r tic u la r ly  those  d eriv ed  f r o m  the  k idney , 
appeared  to  be  fa s tid io u s  in  th e ir  grow th re q u ire m e n ts . A t v a r io u s  tim e s  
tox ic ity  in  c a l f  s e ru m , m edium  and g la ssw a re  w ere  thought to  b e  re sp o n s ib le
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f o r  inhibition o f  ce ll grow th. The p re se rv a tio n  o f  c e lls  f r o m  e a r ly  
p a ssag es  w as e s se n tia l i f  a  sem i-con tinuous ce ll s tr a in  w as to  b e  used  
over a long perio d . I found th a t c e r ta in  m o d ifica tio n s  o f  the  published 
m ethod (H ayflick  and M oorhead, 1961) im proved  ce ll v iab ility .
P re p a ra tio n  o f P r im a ry  Human E m bryonic T issu e  C u ltu res  
Human fo e tu s e s  f ro m  th e ra p eu tic  ab o rtio n s  p e rfo rm e d  betw een the  
8th and 24th w eek o f  g esta tio n  w ere  co llec ted  in  H anks1 BSS and im m ed ia te ly  
tran sp o rte d  to  the  la b o ra to ry . K idneys and lungs w e re  rem oved  a se p tic a lly , 
w ashed tw ice in  PBS and chopped f in e ly  w ith s c is s o r s .  M ateria l f r o m  
In v ern ess  w as rece iv ed  24-48 h o u rs  a f t e r  re m o v a l, a s  chopped t is s u e  in  
LH containing 20% hum an se ru m . Chopped tis s u e  f ro m  each  o rgan  w as 
rep ea ted ly  w ashed in  PBS u n til the su p ern a te  w as c le a r .  T issu e  w as 
incubated w ith ten  tim e s  i t s  volum e o f  try p s in  so lu tion  a t  36°C w ith occasional 
shaking un til t is s u e  f ra g m e n ts  had been  d isp e rse d  (1-3 h o u rs). Foetal m a te r ia l 
w as incubated w ith try p s in  so lu tion  a t  4°C  overn igh t i f  re ce iv ed  la te  a t  night 
since th is  m ethod had been  shown to  g ive s a t is fa c to ry  r e s u l t s  (T y rre ll ,  1961). 
The re su ltin g  c e ll su spension  w as f i l te r e d  th rough  s te r i le  gauze , cen trifu g ed  
in  a graduated  con ical cen tr ifu 'g e  tube a t 1 ,000 r e v /m in  f o r  10 m in  and the 
deposit re su sp en d ed  in  100 tim e s  i t s  volum e o f  grow th m edium . A t v a r io u s  
tim es  th e  fo llow ing  grow th m ed ia  w e re  u se d :-
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1. LH 87 m l
C alf se ru m 10 m l
NaHCO solution 2 m l
PSS 1 m l
2. E a g le 's  MEM 87 m l
C a lf  se ru m 10 m l
NaHCO solu tion 2 m l
PSS 1 m l
3. P a r k e r 's  m edium  199 90 m l
Inactivated  c a l f  se ru m 10 m l
4. E a g le 's  MEM 92 m l
N ew borm  c a lf  s e ru m 5 m l
NaHCO^ so lu tion 2 m l
PSS 1 m l
The c e ll su spension  w as seeded  in to  4 oz m ed ica l f l a t  b o ttle s  (10 m l 
p e r  bo ttle) o r  Roux f la s k s  (60 m l p e r  f la s k )  and , in  th e  c a se  o f k idney , 
into 4 in  x  % in  tu b es  (0.8 m l p e r  tube). When kidney c e lls  fo rm e d  a s e m i-  
confluen t m ono layer tube c u ltu re s  w ere  changed to  m ain tenance m edium :
E ag le !s MEM 96 m l
C a lf  se ru m  1 m l
NaHCO so lu tion  2 m l
PSS 1 m l
Kidney and lung c e lls  n o rm ally  fo rm e d  co n flu en t m ono lay ers  in  b o ttle s  in
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3 - 1 0  days and w ere  then re se e d e d  to  in itia te  sem i-con tinuous c e ll s tra in s .
C ultivation  o f Sem i-C ontinuous C ell S tra in s
The m edium  w as decan ted  f ro m  a b o ttle  containing a m ono layer o f  
p r im a ry  kidney o r  lung  c e lls .  The c e lls  w e re  covered  w ith p rew arm ed  
try p s in  so lu tion  (2 m l p e r  4 oz b o ttle , 5 m l p e r  Roux f la s k ) . A f te r  2 m in 
the try p s in  so lu tion  w as d isc a rd e d  and th e  b o ttle  incubated  a t 36°C un til 
the c e lls  w ere  f r e e  f ro m  the  g la ss  ( 5 - 2 0  m in). The d islodged  c e lls  w ere  
resuspended  in  10 m l o f  grow th m edium  (as u sed  f o r  p r im a ry  cu ltu re s ) .
H alf o f the  c e ll su spension  w as t r a n s f e r r e d  to  a second s im ila r  bo ttle . 
Growth m edium  w as then  added to  th e  two b o ttle s  (5 m l p e r  4 oz b o ttle ,
55 m l p e r  Roux f la sk ) . The c e lls  f r o m  th re e  4 oz b o ttle s  w e re  s u f f ic ie n t  
to seed a  Roux f la s k .  Such 1:2 d iv isio n s  w e re  re p e a te d  a t  a lte rn a te  
3 -  and 4 -  day in te rv a ls  throughout the  l i f e  o f  a  c e ll s tra in .
Lung c e ll s tr a in s  re ta in e d  a  f ib ro b la s t ic  ap p ea ran ce  throughout cu ltu re . 
K idney s tra in s  ap p ea red  ep ithelio id  in  th e  in itia l p a s sa g e s . A f te r  f o u r  to  
six p a ssa g e s  p a tch es  o f  f ib ro b la s ts  ap p ea red  and o v erg rew  th e  deg en era tin g  
ep ithelio id  c e l ls .  D uring th is  change the  c e l ls  fo rm e d  m o n o lay ers  m o re  
slow ly and i t  w as u su a lly  n e c e s sa ry  to  allow  m o re  than  3 o r  4 days betw een 
p assag es . A f te r  six  to  n ine p a s sa g e s  f ib ro b la s ts  fo rm e d  th e  e n tire  
m ono layers and th e r e a f te r  th e  c e ll s tr a in s  could b e  p assag ed  re g u la r ly  
tw ice a week.
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When p re p a rin g  tu b e s , 0.8 m l o f ce ll suspension  containing 5 x 10 c e lls  
p e r  m l w as seeded  into each tube. A f te r  D ecem ber 1965 co n s is te n t grow th 
o f em bryonic c e ll s tr a in s  w as ach ieved  and i t  w as p o ssib le  to  seed  tubes 
w ith ce ll su spensions obtained f ro m  1 : 2 d iv isions  o f  b o ttle s  w ithout 
counting the  c e lls .  When th e  c e lls  had fo rm e d  con fluen t m ono lay ers  
( 3 - 4  d ay s), tubes w ere  changed to  the  m ain tenance m edium  used  f o r  
p r im a ry  em bryonic c u ltu re s .
R esu lts  o f  C ultivation  o f  T issu e  f ro m  36 em bryos 
The f i r s t  12 em bryos w ere  u sed  to  com p are  Growth M edia 1, 2 and 3. 
Medium 1 w as adequate  f o r  the  p re p a ra tio n  o f  p r im a ry  c u ltu re s  b u t none 
o f the  t is s u e s  f ro m  E m b ry o s 1 - 5  (Table 3.1) could be p assag ed  m o re  than  
4 tim es  in  th is  m edium . T h e re fo re ,  M edia 2 and 3 only w ere  u sed  f o r  
subsequent em bryos. C ell s tra in s  could b e  p assag ed  an  equal num ber o f 
tim es  in  e ith e r  o f th e se  m edia.
S everal o th e r o b se rv a tio n s  w e re  m ade on the  s e r ia l  p a ssag e  o f E m bryos 
1 -  12. E m bryos 8 and 9 w hich had been  s to red  a t  4 C b e fo re  a r r iv a l  a t 
the la b o ra to ry  y ie lded  p r im a ry  c u ltu re s  which w ere  heav ily  con tam inated . 
T issu e  f ro m  E m bryos 2 and 3 fa i le d  to  y ie ld  v iab le  p r im a ry  c u ltu re s . Only 
two (E m bryos 6 and 7) o f the  rem a in in g  eight em b ry o s y ie lded  c e lls  w hich 
could b e  subcu ltu red  m o re  than  13 tim e s . The tis s u e  f r o m  both  th e se  
em bryos w as grow n in  m edium  containing the  sam e batch  o f  c a l f  se ru m  
which w as u sed  only f o r  c e l ls  f r o m  E m b ry o s 6 , 7 , 8 and 9. T h is  suggested
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tha t the quality  o f c a lf  se ru m  m ight b e  c r i t ic a l  f o r  su c c e s s fu l s e r ia l
subcultivation. E f f o r t s  w ere  th e re fo re  m ade to  obtain  m o re  s a tis fa c to ry
and co n sis ten t supp lies  o f se ru m . W hile passag in g  c e lls  f r o m  E m bryos
6 and 7, i t  w as noticed  th a t c e l ls  fo rm e d  m o no layers  m o re  rap id ly  in  th e
"p a ren t” b o ttle s  than  in  the  new b o ttle s . C ell grow th in  new b o ttle s  w as
o
im proved by soaking b o ttle s  in  grow th m edium  a t  36 C f o r  30 m in  b e fo re  
u se . T h is  p ra c tic e  w as continued th roughout f u r th e r  w ork.
At the beginning o f  1963, I w as ab le  to  obtain  su pp lies  o f new born c a lf  
se ru m . T h is  se ru m  in  E ag lds MEM (M edium 4) w as u sed  f o r  E m bryos 
13 to 29. T is su e s  f r o m  two em bryos (18 and 19) o f th is  group fa ile d  to  
produce p r im a ry  c u ltu re s ; one o f th e se  had been  s to re d  a t  4°C  overn igh t 
b e fo re  a r r iv a l  a t  th e  la b o ra to ry . C ell s tra in s  w e re  d e riv ed  s u c c e s s fu lly  
f ro m  the  lungs o f a l l  the  rem a in in g  13 em bryos f ro m  w hich th e se  o rg an s  
w ere  obtained. The lung c e ll s tr a in  o f E m bryo 14 w as p assag ed  56 tim e s  
b e fo re  i t  d eg enera ted . Only two (E m bryos 22 and 28) o f 13 c e ll s tr a in s  
derived  f ro m  kidney tis s u e  d eg en era ted  b e fo re  becom ing f ib ro b la s t ic .
Kidney ce ll s tr a in s  13 and 29 w ere  cu ltu red  un til d eg en e ra tio n  o c c u rre d  a f t e r  
40 and 36 p a s sa g e s  re sp e c tiv e ly . A ll c e ll s tr a in s  w hich w e re  f ro z e n  
w ere  m ultip ly ing rap id ly  and the  c e lls  ap p ea red  m uch le s s  "g ra n u la r"  
than those  f ro m  em bryos grow n in  M edia 1, 2 o r  3. T h u s , the  u se  o f 
new born c a lf  se ru m  re s u lte d  in  m uch m o re  s a t is f a c to ry  grow th o f em bryonic 
ce ll s tra in s .
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U nfo rtunate ly , a t the  end o f 1963 the  supp lies  o f new born c a lf  se ru m  
stopped ab rup tly  and d esp ite  s e v e ra l e f f o r t s  i t  w as n ev er again  p o ssib le  
to obtain adequate quan tities .
B e fo re  s tocks o f  new born c a l f  se ru m  w e re  exhausted , b a tch es  o f  c a lf  
se ru m  f ro m  co m m erc ia l so u rc e s  w ere  te s te d . A b a tch  o f  unheated  se ru m  
f ro m  B urroughs W ellcom e Ltd ap p ea red  to  give s a t is f a c to ry  r e s u l t s .  The 
en tire  stock  o f th is  b a tch  w as re s e rv e d  and used  in  M edium 2 f o r  th e  la te r  
p a ssag es  o f E m bryo  30 and e n tire ly  f o r  E m bryos 31 -  36. C ell s tr a in s  
w ere  su c c e ss fu lly  d e riv ed  f ro m  a ll  the  t i s s u e s  u sed . One o f  the  tw o lung 
and th re e  o f the  six  kidney ce ll s tr a in s  k ep t in  continuous c u ltu re , d e g e n e r­
ated  b e fo re  the  21s t  p a s s a g e , suggesting  th a t th is  m edium  w as d e f ic ie n t 
and probab ly  in f e r io r  to M edium 4.
At the  end o f 1965, th e  s a t is fa c to ry  b a tch  o f B u rro u g h s W ellcom e c a lf  
se ru m  w as v ir tu a lly  exhausted  and none o f the subsequen t b a tch es  te s te d  
w as s a tis fa c to ry . M edium and c a l f  se ru m  f r o m  the  U nited S ta tes  (Flow 
L ab o ra to rie s) w ere  then  u sed  a s  M edium  5:
E a g le 's  BM  87 m l
C a lf se ru m  10 m l
NaHCO so lu tion  2 m l
J
PSS 1 m l
T h is  m edium  ap p ea red  to  be su p e r io r  to the  M edium  2 w hich had been  
used  f o r  E m bryos 31 -  36, W hen c e lls  f r o m  c e r ta in  o f  th e se  em b ry o s
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w ere  reco v e re d  f ro m  f ro z e n  stock  they  could be passag ed  f u r th e r  in  
Medium 5 than had been  p o ssib le  in  M edium 2.
C ell s tra in s  w ere  d e riv ed  f r o m  the k idneys o f  a to ta l o f  20 hum an 
em bryos. F ib ro b la s ts  f i r s t  fo rm e d  the e n tire  m ono layer in  the  6th  to  
9th p assag e  betw een 23 and 46 (m ean 32) days a f t e r  the  s ta r t  o f  the  cu ltu re  
and betw een 3 and 21 (m ean 6) days a f t e r  the p rev io u s  su bcu ltu re .
The conditions u n d er w hich the  p r im a ry  tis s u e  w as try p s in iz e d  did not 
appear to a f f e c t  c e ll v iab ility . S u ccessfu l c e ll l in e s  w e re  d eriv ed  w ith 
s im ila r  freq u en cy  f r o m  em bryos 13 -  36 w hether t is s u e  w as incubated  a t 
36°C f o r  1 - 3  h o u rs  o r  a t  4°C  overn igh t.
O rgans w hich w ere  d is se c te d  f r o m  th e  e m b ry o s , chopped and suspended 
in  m edium  w ithin a few  h o u rs  o f the  em bryo*s rem o v a l f ro m  th e  m o th e r , 
w ere  v iab le  a t  ro o m  te m p e ra tu re  f o r  up to  3 days. M ost o f  the m a te r ia l  
f ro m  In v e rn ess  had been  tre a te d  in  th is  way. In c o n tra s t ,  o rg an s  w hich 
w ere  l e f t  in  th e  in tac t em bryo  a t  4°C  overn igh t w ere  e i th e r  m ic ro b ia lly  
contam inated (E m bryos 8 and 9) o r  produced  no v iab le  p r im a ry  c u ltu re s  
(Em bryo 18).
F o r  convenience h e r e a f t e r  c e ll s tr a in s  d eriv ed  a t  R uchill H ospital w ill 
be p re f ix e d  by  the  l e t t e r  lR l and fo llow ed  by  th e  num ber o f th e  em bryo  
f ro m  which they w ere  d e riv ed . T h u s , RH EK F-30 is  the  R uch ill s t r a in  
o f hum an em bryonic kidney f ib ro b la s ts  d e riv ed  f ro m  E m bryo  30.
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P re se rv a tio n  o f Human E m bryonic C ells
H ayflick  and M oorhead (1961) p re s e rv e d  c e lls  a t  -70°C  in  grow th m edium
containing 10% g lycero l. T ry p sin ized  c e lls  f r o m  m a tu re  c u ltu re s  w ere
resuspended  in  a few  m l o f  grow th m edium  and the  co n cen tra tio n  ad ju sted  to 
6
1.5 -  2.0 x 10 c e lls  p e r  m l. S te rile  g ly ce ro l w as added to  give a f in a l  con­
cen tra tio n  o f 10% and the  c e ll suspension  d isp en sed  in  2 m l am ounts in to  5 
m l am poules. The am poules w ere  se a le d , held  a t  5°C overn igh t and t r a n s ­
f e r r e d  d ire c tly  to  -70°C  th e  next day. A m poules w e re  thaw ed rap id ly  in  a
w a te r bath  a t  37°C. The c e ll suspension  w as then  t r a n s f e r r e d  to a b o ttle  
2
(40 cm  s u r fa c e  a re a )  and s u f f ic ie n t  grow th m edium  added to  co v e r the  
s u r fa c e  o f  th e  b o ttle . A f te r  incubation  a t 37°C f o r  1 day th e  m edium  w as 
changed. The c u ltu re  w as fe d  p e rio d ica lly  un til the  c e ll sh ee t w as con­
flu en t. I found the  r a te  o f c e ll re c o v e ry  w as poor u s in g  th is  m ethod and 
I th e re fo re  a ttem pted  to  im p ro v e  it .
R esu lts  o f  E x p erim en ts  on C ell P re s e rv a tio n  
R ate o f F re e z in g
In view  o f  the d isc re p a n c ie s  betw een re p o r ts  on the  op tim al r a te  o f 
te m p e ra tu re  d rop  when f re e z in g  c e lls  (S ch ere r and H oogasian , 1954;
Swim, H aff  and P a r k e r ,  1958; S tu lberg , R ig h tse l, P ag e  and B e rm a n ,
1959) HEL c e lls  w e re  f ro z e n  by  th re e  m ethods;
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1. A m poules w ere  held  a t 4°C overn igh t and t r a n s f e r r e d  d ire c tly
to -70°C  the  fo llow ing  day. The te m p e ra tu re  a s  m e asu re d  by an 
alcohol th e rm o m e te r  f e l l  f r o m  4°C to -20°C  in  5 min.
2. A m poules w ere  held  a t 4°C f o r  30 m in , then  -40 C f o r  60 m in 
b e fo re  s to rag e  a t  -70°C . The te m p e ra tu re ,  a s  m e asu re d  by a 
th e rm o m e te r  w hose bulb w as p laced  in  m edium  in  an  am pou le , 
dropped a t an o v e ra ll r a te  o f  about 1°C p e r  m in  bu t th e re  w ere  
r i s e s  o f te m p e ra tu re  (2 -  5°C) a t each  t r a n s f e r .
3. A m poules w e re  p laced  in  a  p o ly sty ren e  box having w a lls  about 
thick. A f te r  30 m in  a t  4°C the  box w as t r a n s f e r r e d  to -70°C .
The te m p e ra tu re  in sid e  the  box f e l l  f r o m  4°C to -15°C in  10 m in.
A f te r  rap id  thaw ing a t 36°C , a  p o rtio n  o f  the  c e ll su spension  w as
diluted in  try p an  blue solu tion  and the p e rce n tag e  o f  v iab le  c e lls  w as 
determ ined . The re m a in d e r  o f  the c e ll su spension  w as d ilu ted  1A0 in  
growth m edium . F u r th e r  tw o -fo ld  d ilu tions w ere  m ade and fo u r  tubes 
inoculated w ith each  d ilu tion  o f  c e ll suspension . The grow th m edium  w as 
changed a f t e r  24 h o u rs  and the  tubes  exam ined a f t e r  10 d ays to d e te rm in e  
the h ighest d ilu tion  w hich had  fo rm e d  a  com plete  m ono layer. The r e s u l t s  
o f two ex p erim en ts  (Table 3.2) ind ica ted  th a t Method 1 w as u n sa tis fa c to ry . 
The ce lls  had a low p e rce n tag e  v ia b ility  and fo rm e d  a  m ono layer a t 1/10 
dilution only once. C ells  f ro z e n  by Method 3 had h ig h e r p e rce n tag e  
v iab ility  than  those  f ro z e n  by Method 2, b u t both  types o f  c e l ls  fo rm e d  
m onolayers a t s im ila r  d ilu tions. Method 3 w as m o re  convenient than
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Method 2 and th e re fo re  adopted a s  the  s tan d ard  p ro ced u re .
F reez in g  M edium
In 1959, Lovelock and B ishop d esc rib e d  the  u se  o f d im ethy l sulphoxide 
(DMS) f o r  the  p reven tion  o f f re e z in g  dam age to  c e l ls .  P o r te r f ie ld  and 
A shw ood-Sm ith (1962) produced evidence th a t DMS gave su p e r io r  r e s u l ts  
when com pared  w ith g ly ce ro l f o r  th e  p re se rv a tio n  o f  ch ick  f ib ro b la s ts  
and HEL c e lls . G lycero l and DMS w ere  com pared  f o r  th e  p re se rv a tio n  
o f HEL c e lls  in  ex p erim en ts  s im ila r  to  those  u sed  in  the  co m p ariso n  o f 
f re e z in g  m ethods. The r e s u l t s  (Table 3.3) ind icated  th a t the  p e rcen tag e  
v iab ility  o f  c e lls  f ro z e n  in  DMS w as h ig h e r than  th a t o f  c e lls  f ro z e n  in  
g lycero l bu t the  two types o f c e lls  fo rm e d  m o n o lay ers  a t  s im ila r  d ilu tions. 
DMS w as convenient to  u se  b ecau se  i t  did not r e q u ire  s te r i l is a t io n  and w as 
le s s  v isco u s than  g ly cero l. Growth m edium  contain ing  10% DMS w as 
th e re fo re  adopted a s  the  s tan d ard  f re e z in g  m edium .
D uration o f S torage
C ells  s to red  a t -70°C  ap p ea red  to  d e te r io ra te  a f t e r  p e r io d s  o f  12 
m onths o r  m o re . E x p erim en t 1 o f  T ab le  3.2 i s  an  exam ple. C e lls  
f ro m  am poules thawed 1 and 2 m onths a f t e r  f re e z in g  fo rm e d  m ono lay ers  
a t 1/20  bu t c e lls  f r o m  am pou les thaw ed a f t e r  16 m onths f a i le d  to  f o r m  
m onolayers a t  1/10. S im ila r  o b se rv a tio n s  w ere  m ade w ith  s e v e ra l b a tch es  
o f f ro z e n  c e lls . M ost o f  the  f ro z e n  c e lls  f r o m  e a r l ie r  em b ry o s w ere  
lo s t b ecau se  o f  th is  d e te r io ra tio n .
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CHAPTER 4
STUDIES WITH RHINOVIRUSES
1. ISOLATION, ESTIMATION OF NEUTRALISING 
ANTIBODIES, PREPARATION OF ANTISERA AND 
IDENTIFICATION OF SEROTYPES._________
My earfyattem .pts to  iso la te  rh in o v iru se s  w ere  d isappoin ting . The o rig in a l 
techniques w ere  th e re fo re  m od ified  by  a lte r in g  th e  t is s u e  cu ltu re  c e l ls  and 
th e ir  m ain tenance m edium . The rh in o v iru s  iso la tio n  r a te  in c re a se d  co n sid erab ly  
a f te r  the in troduction  o f  hum an em bryonic kidney f ib ro b la s t  c e ll s t r a in s ,  and 
com parative s tu d ies  showed th a t m o re  rh in o v iru se s  w e re  iso la ted  in  ce ll s tr a in s  
derived  f ro m  k idneys than  th o se  d e riv ed  f ro m  lungs.
The detection  o f n eu tra liz in g  an tibod ies in  hum an s e ra  p roved  d if f ic u lt .  
E f fo r ts  w ere  th e re fo r e  m ade to  in c re a s e  th e  se n s itiv ity  o f  the  t e s t s  by  u sin g  
m inim al am ounts o f v i ru s ,  by  v a ry in g  the  conditions o f  incubation  o f the 
s e ru m -v iru s  m ix tu re s  and by  adding unheated  ra b b it se ru m  to  th e  s e ru m -v iru s  
m ix tu res.
D espite generous g if ts  o f rh in o v iru s  a n t is e r a ,  m o s t o f  the  rh in o v iru se s  
iso la ted  in  Glasgow w ere  not n eu tra liz ed  by th e  av a ilab le  a n t is e ra .  A n tise ra  
w ere th e re fo re  p re p a re d  ag a in s t 15 Glasgow rh in o v iru se s  by a  s im p le  bu t 
e ffe c tiv e  m ethod. T h ese  a n t is e ra  w e re  u sed  in  c ro s s -n e u tra l iz a tio n  s tu d ie s  
and to id en tify  o th e r rh in o v iru se s  iso la ted  in  Glasgow.
Since rh in o v iru se s  have m any o f th e  p ro p e r tie s  o f  e n te ro v iru se s  i t  seem ed  
possib le  th a t som e se ro ty p e s  m ight p o s se s s  haem agg lu tinating  ac tiv ity . 
R hinovirus haem agg lu tin ins w ere  th e re fo re  sought using  s e v e ra l sp e c ie s  o f
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ery th ro cy tes  u nder v a r io u s  conditions.
C ells  f o r  V iru s  Iso la tio n  
The 52 m onths during  w hich rh in o v iru se s  w ere  iso la ted  f r o m  c lin ica l 
m a te r ia l, m ay be  divided in to  th re e  p e rio d s  acco rd in g  to  the  ty p es  o f 
em bryonic c e lls  u sed  (Table 4.1):
1. Betw een January  1962 and the  end o f M arch 1963, spec im en s 
w ere  inoculated  in to  p r im a ry  HEK, RHEL-1 o r  R H E L -7  c e lls .
2. A t the  beginning o f  1963 I w as ab le  to  obta in  W I-38 c e lls  and 
to  com pare  them  w ith som e o f  the  R uchill c e ll s t r a in s .  R hinov irus 
FEB w as t i tr a te d  in  s ix  c e ll s t r a in s  (Table 4 .2). The h ig h est t i t r e s  
w ere  obtained in  RHEKF-13 and W I-38 c e lls  and w ere  a t  l e a s t  ten fo ld  
h igher than the  t i t r e  in  R H E L -7. A t the  end o f M arch 1963, R H E L -7 
ce ll s tra in  w as rep la c e d  by RH EK F-13, o r  occasio n a lly  W I-38 c e l ls ,  
f o r  the ro u tin e  iso la tio n  o f rh in o v iru se s . T h ese  ceH s w ere  u se d , 
w ith few  ex cep tions, u n til the  end o f S ep tem ber 1964.
3. When s tocks o f new born c a lf  se ru m  w ere  a lm o s t exhausted  and 
i t  w as found th a t RHEKF-13 c e lls  would not grow  in  o rd in a ry  c a lf  
se ru m , 11 ce ll s t r a in s  (six HEKF and f iv e  HEL) grow n in  o rd in a ry  
c a lf  se ru m  w ere  te s te d  f o r  th e ir  se n s itiv ity  to  rh in o v iru s  FE B  and 
com pared  w ith W I-38 c e lls . A f ro z e n  pool o f  rh in o v iru s  FE B  w as 
ti tra te d  a t  v a r io u s  tim e s  in  th e se  d i f f e r e n t  c e ll s tra in s .  The 
g eom etric  m eans o f th e  t i t r e s  f r o m  th re e  ti tra t io n s  in  each  tis s u e  
w ere  not s ig n ifican tly  d i f f e re n t :  th e  h ig h e st m ean  t i t r e  (ex p ressed
60
+ + 
a s  log TCD /0.1m l) w as 5.0 -  0.2 and the low est 4.3 -  0.4. The
g eom etric  m ean o f  the  18 v a lu es  in  the  six  HEKF s tra in s  w as
4.87 -  0.07 and o f the 18 v a lu es  in  the  six  HEL ce ll s tra in s  w as 
+
4.65 -  0.09; th e se  w e re  not s ig n ifican tly  d if f e re n t .  A de ta iled  
investigation  o f  the  rh in o v iru s  sen s itiv ity  o f eight o f  th e se  ce ll 
s tra in s  w as th e re fo re  in itia ted  and w ill be  d e sc rib e d  in  C hap ter 5. 
M eanw hile, s in ce  the  h ig h est g eo m etric  m ean t i t r e s  had been  
obtained in  R H EK F-30 and R H EK F-35 c e l ls ,  f r o m  O ctober 1964, 
a ll spec im ens w ere  exam ined in  one o f th e se  two c e ll s tra in s .
B etween D ecem ber 1964 and A p ril 1965, sp ec im en s f r o m  ch ild ren  
in  h o sp ita l w ere  a lso  exam ined in  BW H EL-7 c e lls  (a c e ll s tra in  
supplied by B urroughs W ellcom e) and betw een A p ril 1965 and A p ril 
1966, spec im ens f r o m  ch ild ren  in  h o sp ita l and ad u lts  w ith co lds w ere  
a lso  te s te d  in  W I-38 c e lls .
The r a te s  o f  iso la tio n  o f rh in o v iru se s  d u ring  the  th re e  p e rio d s  (Table 4.1) 
v aried  f ro m  3.4% to  13.0%. A lthough som e o f th is  d if f e re n c e  m ight have 
been due to  th e  d i f f e r e n t  g roups o f p a tien ts  s tu d ied , i t  seem ed  lik e ly  th a t 
the c e lls  used  during  th e  f i r s t  p e rio d  w as in sen s itiv e . I ,  th e r e f o r e ,  decided 
to re -e x a m in e  a s  m any a s  p o ssib le  o f the  sp ec im en s w hich had not been  
inoculated in to  HEKF. The sp ec im en s , w hich had been  s to red  a t -70°C  f o r  
2 - 3  y e a r s ,  w e re  thawed and inocu lated  in to  R H EK F-30 c e lls  and so m etim e s  
into W I-38 c e lls  a s  w ell. R e -te s tin g  sp ec im en s f r o m  131 p a tien ts  (Table 4.3)
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revea led  22 rh in o v iru se s , 17 o f which had not been  de tec ted  when the  
specim ens w ere  o rig in a lly  inoculated  into hum an em bryonic c e lls . Two 
of the 22 additional rh in o v iru s-p o s itiv e  p a tien ts  w ere  studied  du ring  the  
second period  and the  re m a in d e r  d u ring  the  f i r s t  p e rio d . T h u s, the  f in a l 
iso la tion  ra te  f o r  the  f i r s t  p e rio d  w as 24A32 (18.2%), f o r  the  second period  
w as 16/206 (7.7%) and f o r  the  th ird  p e rio d  w as 55/423 (13.0%). T h ese  r e s u l ts  
indicated  th a t R H EK F-30 c e lls  w ere  m o re  sen s itiv e  to  rh in o v iru se s  than  the  
HEL ce ll s tra in s  o rig in a lly  u sed .
When specim ens w ere  exam ined in  p a ra l le l  in  HEKF and HEL c e ll s tr a in s  
m ore  rh in o v iru se s  w ere  iso la ted  in  HEKF than  in  HEL c e lls . B etw een D ecem ber 
1964 and A p ril 1965, HO spec im en s w ere  inocu lated  s im u ltaneously  into 
RHEKF-30 and BW HEL-7 ceU s. R h in o v iru ses  w ere  iso la ted  f r o m  seven  
specim ens in  R H EK F-30 ceU s bu t f r o m  only two in  BW H EL-7 ceU s. B etw een 
A pril 1965 and A p ril 1966, 298 sp ec im en s  w ere  exam ined u n d er id en tica l 
conditions in  W I-38 ceU s and R H EK F-30 o r  RH EK F-35 (Table 4.4). O f the 
43 rh in o v iru se s  iso la te d , 40 (93%) w ere  de tec ted  in  HEKF bu t only 29 (67%) 
w ere detected  in  W I-38 ceH s. T h ese  r e s u l t s  suggested  th a t HEKF m ay b e  
su p erio r to  the  w idely u sed  W I-38 ceH s f o r  the  iso la tio n  o f rh in o v iru se s .
A f u r th e r  advantage o f  HEKF s tra in s  o v e r W I-38 is  th e  e a r l ie r  ap p ea ran ce  
of cytopathic changes. F o r  17 sp ec im en s w hich w ere  p o s itiv e  in  both 
RHEKF-30 and W I-38 the  a v e ra g e  num ber o f  days betw een  inocu la tion  and th e  
f i r s t  d e fin ite  cy topath ic e f f e c t  w as 5 in  R H EK F-30 and 7 in  W I-38; the 
in te rv a ls  f o r  the n ine spec im ens y ie ld ing  rh in o v iru se s  in  R H EK F-35 and
62
WI-38 w ere  4 days in  RH EK F-35 and 6 days in  W I-38. T hus, on a v e ra g e , 
v iru s  w as detected  two days e a r l ie r  in  RHEKF s tra in s  than in  W I-38 ceU s.
Medium f o r  V iru s  Iso la tion  
When hum an em bryonic c e ll s t r a in s  w ere  in troduced  f o r  rh in o v iru s  
iso la tion  the m ain tenance m edium  w hich had been  used  f o r  HEK c e lls  had 
to be im proved. C e lls  in  LH m edium  began to d eg en e ra te  a f t e r  a week but 
ce lls  in  E a g le 's  MEM rem a in ed  healthy  f o r  p e rio d s  o f  up to fo u r  w eeks. 
Em bryonic c e ll s tr a in s  w ere  a lso  p a r tic u la r ly  sen s itiv e  to tox ic su b stan ces  
in c lin ica l m a te r ia l ,  bu t the addition  o f  5% T PB  to the m edium  reduced  the 
e f f e c t  o f toxic specim ens. The e f f e c t  o f TPB  on rh in o v iru se s  w as in v e s ­
tigated by ti tra t in g  s tra in  FEB  in  HEL c e lls  m ain tained  in  m edium  w ith and 
without T PB . In each  o f th re e  ex p erim en ts  rh in o v iru s  m icrop laque  counts 
w ere m o re  than ten fo ld  h ig h e r in  the p re se n c e  o f  TPB  although the f in a l  
end-point a f t e r  seven  days w as u n a ffe c te d . The counts o f m icro p laq u es  a t 
daily in te rv a ls  in  a  typ ica l ex p erim en t a r e  shown in  T ab le 4.5. A s a  r e s u l t  
o f th ese  o b se rv a tio n s , the  fo llow ing  m edium  w as u sed  f o r  a l l  rh in o v iru s  w ork  
in  hum an em bryonic c e ll s tra in s : -
E a g le 's  MEM 91.5 m l
C a lf s e ru m  1 m l
TPB  5 m l
NaHCOg so lu tion  1.5 m l
PSS 1 m l
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E stim atio n  o f N eu tra liz ing  an tibod ies 
Antibody re sp o n se s  in p a tien ts  in fe c te d  w ith rh in o v iru se s  w e re  o ften  only 
detected i f  sm a ll am ounts o f v iru s  w ere  used  in  the s e ru m -v iru s  m ix tu re s . 
F ive p a irs  o f s e ra  w ere  te s te d  on two occasio n s a g a in s t v iru s  a t  two d ilu tions 
tenfo ld  a p a r t  (Table 4.6). In each  ca se  th e  antibody t i t r e  in  the convalescen t 
se ru m  w as fo u r fo ld  o r  n e a rly  fo u r fo ld  h ig h e r ag a in s t th e  low  v iru s  dose  than  
against the high dose . T h e re fo re ,  v iru s  w as used  a t  a  d ilu tion  which gave a 
t i t r e  o f 10-68 T C D ^  when th e  te s t s  w e re  re a d  a f t e r  th re e  days.
Tw ofold d ilu tions o f an  acu te  and a  co nvalescen t se ru m  f ro m  an  adu lt 
w ere incubated w ith v iru s  in  th re e  d i f f e r e n t  w ays: 1% h o u rs  a t  ro o m  te m p e ra ­
tu re , 1% h o u rs  a t  36°C and 3 h o u rs  a t  ro o m  te m p e ra tu re . T h e re  w as no 
sig n ifican t d if f e re n c e  betw een the  n eu tra liz a tio n  end -po in ts  o f  the  s e ra .  A ll 
rh inov iru s n eu tra liz in g  antibody t i tra t io n s  w e re  th e re fo re  incubated  w ith 
v iru s  f o r  1% h o u rs  a t  ro o m  te m p e ra tu re .
F ive p a ir s  o f  s e ra  w e re  t i t r a te d  ag a in s t th e ir  hom ologous rh in o v iru se s  
diluted in  PBS and in  PBS contain ing  25% f r e s h  unheated  ra b b it  se ru m  
(Table 4.7). The n eu tra liz a tio n  end -po in ts  w e re  not s ig n if ican tly  d i f f e r e n t  
even with s e ra  f ro m  young ch ild ren . R h in o v iru ses  u sed  in  n eu tra liz in g  
antibody ti tra t io n s  w ere  th e re fo re  d ilu ted  in  PBS.
P re p a ra tio n  o f  A n tise ra  
F if te e n  rh in o v iru se s  w hich w e re  not n eu tra liz ed  by any o f  the  27 
available p ro to type a n t is e ra  w e re  u sed  to  p re p a re  sp e c if ic  a n t is e ra .  T h ese
64
v iru se s  included 11 iso la ted  f ro m  ch ron ic  b ro n c h itic s  betw een 1962 and 1964 
and 4 iso la ted  f ro m  ch ild ren  in  h o sp ita l in  1965.
R hinovirus an tigen  w as p re p a re d  in  ro lle r  b o ttle s . F iv e  m illion  c e lls  
o f RHEK F-30 o r  R H EK F-35 in  10 m l o f grow th m edium  w ere  p laced  in  250 
m l round c e n tr ifu g e  b o ttle s  w hich w ere  ro ta te d  a t  12 re v /m in  a t 36°C un til 
a ce ll m onolayer fo rm e d  o v er th e ir  e n tire  in n e r  c irc u m fe re n c e . The grow th 
m edium  w as rep la ced  by 5 m l o f  rh in o v iru s  m ain tenance m edium  and 5 m l 
o f flu id  f ro m  rh in o v iru s  in fe c te d  t is s u e  c u ltu re s . B o ttle s  w e re  then  ro lle d  
a t 33°C and th e  m edium  changed daily . W hen 75 -  100% o f  th e  c e ll la y e r  w as 
destroyed  the  b o ttle s  w ere  f ro z e n  a t  -70°C  and thaw ed. C ell d e b r is  w as 
rem oved by c en tr ifu g a tio n  a t  3 ,000  r e v /m in  f o r  20 m in and th e  su p e m a te  
d is tribu ted  into am poules and s to re d  a t  -70°C .
C oncentration  o f  an tigen  w as a ttem p ted  by the  u se  o f  a lum in ium  phosphate 
gel accord ing  to  a m ethod used  a t  the  Com m on Cold R e se a rc h  Unit (Doggett, 
1963).
The A lPO^ gel w as p re p a re d  by  th e  m ethod o f  F a n te s  (1962): 20 m l o f 
16% Na^PO^.12 H^0 w e re  d ilu ted  to  about 1 l i t r e  in  deion ized  w a te r  and m ixed 
with 20 m l o f 10% A lCl , 6H 0. A f te r  allow ing the  p re c ip ita te  to  s e t t le ,  the  
supernate  w as d isca rd e d . T he p re c ip ita te  w as then  w ashed th re e  t im e s  in  
deionized w a te r  and resu sp en d ed  in  O .lM  phosphate  b u f f e r ,  pH 6.8 to  g ive a 
concentration  o f  10 -  15 m g /m l. T he su spension  w as s te r i l iz e d  by au to - 
claving a t  20 lb s / in  f o r  1 h o u r and s to re d  a t 4°C .
AlPO^ suspension  w as added to  c la r i f ie d  v iru s  su spension  to give a  f in a l
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concen tration  o f 1 m g /m l and the pH ad justed  to 7 w ith 0.1M phosphate b u f f e r .  
T his suspension  w as s t i r r e d  f o r  1% h o u rs  a t 4°C and then  c en trifu g ed  a t 
2 ,500  re v /m in  f o r  10 m in. The su p ern a te  w as d isca rd e d  and the deposited  
AlPO^ resuspended  in  0.5M  phosphate b u f f e r ,  pH 8 (one-ten th  th e  volum e o f 
the o rig ina l v iru s  suspension). The suspension  w as l e f t  a t  4°C  f o r  30 m in 
to allow elu tion  o f  v iru s  then  c e n tr ifu g e d  to  rem o v e  A lPO^ and the  su p ern a te  
s to red  a t -70°C .
A n tise ra  w ere  p re p a re d  in  guinea p ig s w eighing betw een 800 and l,2 0 0 g . 
Blood (5 m l) w as rem oved  f ro m  each  pig  by c a rd ia c  p u nctu re  b e fo re  im m u n i­
zation. T h ree  schedu les o f  im m unization  w ere  u sed  in  an  a ttem p t to  f in d  
the s im p le s t m ean s o f  obtaining s a tis f a c to ry  a n tis e ra :
1. A nim als w e re  given two in tra m u sc u la r  in jec tio n s  o f 1 m l v iru s ,  
concen tra ted  by A lPO ^, two w eeks a p a r t  and exsanguinated  f iv e  
days a f t e r  the  second in jec tion .
2. Two in jec tio n s  w e re  given a s  in  1. bu t u sing  v iru s  w hich had  not 
been  concen tra ted .
& Two in tra m u s c u la r  in jec tio n s  o f  1 m l o f a  50/50 em u lsion  o f 
v iru s  and F reund*s incom plete  ad juvant (D ifco) w e re  g iven two 
w eeks a p a r t . A f te r  a  f u r th e r  3 w eek s, 1 m l o f v iru s  alone w as 
in jec ted  in tra m u sc u la r ly  and th e  a n im a ls  exsanguinated  5 days 
la te r .
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The r e s u l ts  o f u sing  th e se  th re e  m ethods w ith th re e  d if f e r e n t  v iru s e s  a r e  
shown in  T able 4 .8 . The m ethod used  f o r  the  concen tra tio n  o f  rh in o v iru se s  
w as not s a tis fa c to ry . In fec tiv ity  t i t r e s  w ere  not in c re a se d  and the  an tigen ic ity  
of v iru s  concen tra ted  by A lPO^ w as not high sin ce  m ethod 1 produced  only low 
o r undetected antibody re sp o n se s . Method 2 induced a good antibody re sp o n se  
against 4574-62 (an M s tra in )  bu t not ag a in s t th e  o th e r two rh in o v iru se s  (H 
s tra in s) . Method 3 w as com pleted  w ith two rh in o v iru se s  (H s tra in s )  and in  
both c a se s  produced antibody le v e ls  m o re  than  ten fo ld  h ig h e r than  th o se  
produced by the  o th e r m ethods. Method 3 w as th e re fo re  used  in  the  p r e p a ra ­
tion o f a ll f u r th e r  rh in o v iru s  a n tis e ra .
A n tise ra  were p re p a re d  ag a in s t a  f u r th e r  12 rh in o v iru s  s t r a in s ,  u s ing  two 
guinea p igs f o r  each  v iru s .  The t i t r e s  o f th e se  a n t is e ra  a r e  shown in  
Table 4.9. Only two o f th e  24 guinea p ig s had antibody t i t r e s  below  256 a f t e r  
im m unization. None o f  the  a n im a ls  had antibody in  th e ir  p re -im m u n e  s e ra .  
One se ru m  a g a in s t each  s tr a in  w as se lec ted  f o r  u se  a s  typing a n tis e ru m  e ith e r  
because i t  had th e  h ig h e r t i t r e  o r  b eca u se  i t  w as av a ilab le  in  la rg e r  q u an tities . 
T hese typing a n t is e ra  w ere  u sed  a t  d ilu tio n s  ca lcu la ted  to  con tain  a t  le a s t  20 
n eu tra liz ing  antibody u n its .
C ro ss -N e u tra liz a tio n  T e s ts  
C ro ss -n e u tra liz a tio n  s tu d ie s  w ith th e  15 rh in o v iru s  s tra in s  and th e ir  
typing a n tis e ra  rev e a le d  f o u r  c ro s s - re a c t io n s  (Table 4.10).
Two s tro n g  re c ip ro c a l c ro s s - re a c t io n s  w e re  found. T h ese  in d ica ted  
tha t s tra in s  409-62 and 1746-62 belonged to  the  sam e se ro ty p e  and s tr a in s
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130-63 and 992-63 belonged to  the  sam e se ro ty p e . In fu tu re  c h a p te rs , 
s tra in s  n eu tra lized  by 409-62 and 1746-62 a n t is e ra  a r e  called. 409-62 
sero type and s tra in s  n eu tra liz ed  by  130-63 and 992-63 a n t is e ra  a r e  ca lled  
130-63 se ro ty p es .
A w eaker re c ip ro c a l c ro s s - re a c t io n  w as observ ed  betw een  4574-62 and 
1767-65 s tra in s . The t i t r e  o f  1767-65 a n tis e ru m  showed a fo u r fo ld  d if f e re n c e  
against the two v iru s  s tra in s .  T h e re  w as a  32-fo ld  d if f e re n c e  betw een the  
t i t r e s  o f 4574-62 a n tise ru m  ag a in s t hom ologous and he tero lo g o u s v iru s e s .
The la rg e  d if fe re n c e  betw een the  4574-62 a n tis e ru m  t i t r e s  m ight have 
o ccu rred  b ecau se  th is  a n tise ru m  w as p re p a re d  by m ethod 2 and th e re fo re  m o re  
s tra in -sp e c if ic . T h e re  w as a f u r th e r  d if f e r e n c e  betw een  the  two s tr a in s ;  
4574-62 w as an M s tra in  and 1767-65 an  H s tra in . B ecause  o f  th e se  
d if fe re n c e s  in  fu tu re  w ork M s tr a in s  n e u tra liz ed  by 4574-62 a n tis e ru m  w e re  
called  4574-62 se ro ty p e s  and H s tr a in s  n e u tra liz ed  by 1767-65 a n tis e ru m  w ere  
called  1767-65 se ro ty p es . They a r e ,  h o w ev er, re la te d  se ro lo g ica lly .
The fo u r th  c ro s s - re a c t io n  w as a  s tro n g  one-w ay c ro s s - re a c t io n  betw een 
1321-62 and 4411-65. The 4411-65 a n tis e ru m  n eu tra liz e d  both  v iru s e s  bu t the  
1321-62 a n tise ru m  n e u tra liz ed  only the  hom ologous v iru s .  T h e re  w e re  two 
possib le  explanations o f  th is  find ing : 4411-65 v iru s  w as a "p rim 1^ s t r a in  
with a b ro a d e r  an tigen ic  com position  than  1321-62 v iru s ,  o r  4411-65 v iru s  
was a m ix tu re  o f 1321-62 v iru s  and an o th e r v iru s .  The c ro s s - re a c t io n  w as 
th e re fo re  f u r th e r  in v estig a ted . The 4411-65 v iru s  w as p u r if ie d  tw ice  by
te rm in a l d ilu tion in  the p re se n c e  o f 1321-62 a n tise ru m  a t 1/8. The p u re  
v iru s  w as then inoculated  into a guinea pig u sing  Method 3. The re su ltin g  
an tise ru m  had a t i t r e  o f 128 ag a in st p u r if ie d  4411-65 v iru s  bu t did not 
n eu tra liz e  the o rig in a l 4411-65 v iru s  o r  1321-62 v iru s . It w as th e re fo re  
concluded th a t the  o rig in a l 4411-65 w as a  m ix tu re  o f  two v iru s e s .  Only those  
rh in o v iru ses  w hich w ere  n eu tra liz ed  by th e  a n tis e ru m  m ade a g a in s t p u r if ie d  
4411-65 v iru s  w ere  ca lled  4411-65 se ro ty p es . I t w as not p o ssib le  to  r e - is o la te  
v iru s  f ro m  the o rig in a l 4411-65 spec im en  and i t  i s  not known w hether two 
v iru se s  w ere  p re s e n t in  the o rig in a l specim en . H ow ever, s in ce  the p a ire d  
se ra  f ro m  the  child  f r o m  whom th is  spec im en  w as co llec ted  showed a  f o u r ­
fo ld  t i t r e  r i s e  ag a in s t th e  u n p u rif ied  4411-65 v iru s  i t  is  p o ss ib le  th a t th e  
patien t w as in fec ted  w ith two rh in o v iru se s .
T e s ts  f o r  H aem agglutin in
T issu e  c u ltu re s  w hich had been  com plete ly  d e s tro y ed  by rh in o v iru se s  
w ere f ro z e n  and thaw ed and the re su ltin g  f lu id s  te s te d  f o r  haem agglu tin in . 
Human group 'O ', guinea p ig , rh e s u s  m onkey and fow l (vacc in ia-agg lu tinab le) 
e ry th ro cy tes  w ere  used  ag a in s t 86 o f  the 95 rh in o v iru se s  iso la ted  in  Glasgow. 
The te s ts  w ere  done a t 4 °C , ro o m  te m p e ra tu re  and 36°C by the  m ethods 
described  in  C hapter 2. No evidence o f  haem agg lu tination  w as found.
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CHAPTER 5 
STUDIES WITH RHINOVIRUSES
2. RHINOVIRUS SENSITIVITY OF EIGHT C EL L STRAINS
The r e s u l ts  re p o rte d  in  C hap ter 4 suggested  th a t HEKF s tra in s  m ight be 
su p e rio r to HEL c e ll s tr a in s  f o r  iso la tin g  rh in o v iru se s  and th a t th e re  m ight 
be con sid erab le  v a r ia tio n  betw een HEL c e ll s tr a in s .  T h ese  v a r ia tio n s  would 
g rea tly  in flu en ce  th e  iso la tio n  r a te  o f rh in o v iru se s . I ,  th e r e f o r e ,  decided 
to investiga te  th e  rh in o v iru s  sen s itiv ity  o f  th re e  HEKF s tra in s  and f iv e  HEL 
cell s tra in s .
In th is  ch ap te r I sh a ll d e sc r ib e  th e  c h a ra c te r is t ic s  o f  the  eight ce ll 
s tra in s , the  cytopathic e f f e c t s  o f  a  rh in o v iru s  in  them  and th e  r e s u l t s  o f 
inoculating them  w ith  sp ec im en s and w ith poo ls o f  v iru s  grow n in  t is s u e  
cu ltu re .
C h a ra c te r is t ic s  o f  C ell S tra in s
The ce ll s tr a in s  used  and th e ir  c h a ra c te r is t ic s  a r e  shown in  T ab le  5.1. 
Ruchill s tra in s  w e re  d eriv ed  f r o m  both  the  k idneys and lungs o f  th re e  
em bryos and f ro m  the  lung only o f an o th e r em bryo  by the  m ethods d e sc rib e d  
in  C hapter 3. T hese  em b ry o s w ere  a l l  m ale  and betw een  14 and 20 w eeks o f 
gestation . They w ere  obtained f r o m  p reg n an c ies  w hich w ere  te rm in a te d  f o r  
rea so n s  o th e r than  su sp ec ted  f e ta l  ab n o rm a lity  and d u ring  w hich th e re  w as 
no h is to ry  o f  in fec tio n . The g ro s s  ap p ea ran ce  o f each  o f  the  f e tu s e s  w as
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norm al. W I-38 c e lls  w ere  obtained ev ery  th re e  w eeks f ro m  Mr. J .P . Jacobs.
A fte r  reco v e ry  o f R uchill s tr a in s  f ro m  f ro z e n  stock  o r  re c e ip t o f the 
WI-38 s tra in  f ro m  M r. Jacobs, a l l  c e l ls  w ere  grow n and m ain tained  in  the 
sam e batch o f m edium .
Cell s tra in s  w e re  exam ined f o r  m ycoplasm a con tam ination  a t two 
d if fe re n t p a ssag e  le v e ls  (Table 5.1) by M r. W. H ouse. T h re e  m ethods w ere  
used (House and W addell, 1967): a) C hanock’s  m edium  (Chanock, H ayflick  
and B a r ile , 1962), b) a f e e d e r  c e ll la y e r  w ith C hanock 's m ed ium , c) th e  
medium  d esc rib e d  by H erd e rsch ee  (1963). A ll c u ltu re s  w ere  incubated  a t  
37°C in  an  a tm o sp h ere  o f 5% carbon  dioxide in  n itrogen . A t no tim e  w ere  
m ycoplasm as de tec ted  in  any o f  the c e ll s tra in s .
V irus sen s itiv ity  te s t s  w e re  m ade in  c e l ls  f ro m  p a ssa g e s  b e fo re  the 
ce ll s tra in s  showed signs o f  ’’sen escen ce" .
C ytopathic E f f e c ts  o f R h in o v iru ses  
E arly  cytopathic e f f e c t s  o f  rh in o v iru s  FEB w ere  s im ila r  in  each  o f  the 
eight ce ll s tr a in s  (F igs. 5.1 to  5.8). E longated f ib ro b la s ts  co n trac ted  and 
becam e rounded in  d is c re te  a re a s .  T h ese  fo c i  w e re  m o re  p rom inen t and 
spread  m o re  rap id ly  in  HEKF than  in  HEL c e lls . D if fe re n t  se ro ty p e s  o f 
rh in o v iru ses  gave s im ila r  re s u l ts .
E xam ination  o f Specim ens 
Specim ens w ere  inocu lated  in  0.1 m l o r  0.2 m l vo lum es in to  one tube 
o f each ce ll type. M ost sp ec im en s w e re  undilu ted  but som e w ere  d ilu ted
1 in  2. The sam e volum e w as inoculated  in to  each ce ll s tra in  f o r  any one 
specim en.
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T h irty -s ix  p rev io u sly  po sitiv e  spec im en s w hich had been  s to red  a t -70 C 
fo r  p e rio d s  up to fo u r  y e a rs  and 24 spec im en s s im ila r ly  s to re d , but w hich 
w ere negative w hen ^ tia lly  te s ted  in  HEL c e lls  w e re  inocu lated  into the 
eight ce ll s tra in s  (Table 5.2). F iv e  o f  the  rh in o v iru s-p o s itiv e  and 17 o f the 
rh in o v iru s-n eg a tiv e  spec im ens fa ile d  to y ie ld  v iru s  in  any o f  the eight ce ll 
s tra in s . M ost (79%) o f  the 38 spec im en s w hich contained v iru s  d e tec tab le  
in a t le a s t  one ce ll s tra in ,  w e re  p o s itiv e  in  RH EK F-30. The o th e r two
HEKF ce ll s tra in s  detected  63% and 68% resp ec tiv e ly . W I-38 c e lls  w ere
m ore sen sitiv e  than any o f  the o th e r  fo u r  HEL ce ll s tr a in s ;  R H EL-35 w as 
apparently  le a s t  se n s itiv e , de tec ting  only 18% o f  the  p o s itiv e  sp ec im ens.
Six spec im ens w ere  po sitiv e  in  a ll eight ce ll s tr a in s ;  they a l l  caused  
obvious cytopathic e f f e c t s  w ithin 3 days o f  inoculation . The v iru s e s  iso la ted
belonged to  f iv e  d i f f e r e n t  s e ro ty p e s ; two w ere  M s tra in s  and the re m a in d e r  
H s tra in s .
F o u rteen  spec im en s w ere  po sitiv e  in  th re e  o r  m o re  o f  the HEL ce ll s tr a in s  
of th ese  one w as p o sitiv e  in  two HEKF s tra in s  and the  re m a in d e r  w ere  
positive in  a ll  th re e  HEKF s tra in s . T he v iru s e s  iso la ted  f ro m  th e se  14 
specim ens belonged to  ten  d i f f e r e n t  s e ro ty p e s ; fo u r  w ere  M s tr a in s  and 
the re m a in d e r  H s tra in s .
T w enty-seven  spec im en s w e re  p o s itiv e  in  two o r  th re e  HEKF s tr a in s ;  
o f th e se , 14 w ere  p o sitiv e  in  m o re  than  two HEL s t r a in s ,  th re e  in  tw o, f iv e
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in  one and f iv e  in  none o f  the HEL s tra in s . F o u r o f the la t te r  f iv e  
belonged to  Glasgow sero type  2030-65 and one to Glasgow se ro ty p e  1647-63. 
Exam ination o f re c o rd s  showed th a t although two o f fo u r  1647-63 s tra in s  
had been iso la ted  in  W I-38 c e l ls ,  a l l  s ix  s tra in s  o f 2030-65 had been  iso la ted  
in  HEKF c e lls  only. T h ir ty -s ix  o f th e  rh in o v iru se s  iso la ted  f ro m  the 38 
positive spec im ens belonged to  22 se ro ty p e s  and two w ere  untyped.
T h ree  spec im ens w ere  ti tra te d  in  the  eight c e ll s tr a in s  (Fig. 5.9; T ab le 
5.3). V irus t i t r e s  a r e  ex p re ssed  a s  log  TCD /0.1 m l throughout th is  C hap ter
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and m ean t i t r e s  r e f e r  to g eo m etric  m ean  t i t r e s .  The m ean  t i t r e  o f the  th re e  
specim ens in  th e  th re e  HEKF s tra in s  w as 2.52 -  0.26 and in  th e  f iv e  HEL 
s tra in s  w as 1.35 -  0.29. The d if f e re n c e  betw een th e se  two m ean  t i t r e s  w as 
1.17 -  0.27 w hich i s  s ta t is tic a lly  s ig n if ic a n t (t= 4.88; 0.02 <p <0.05).
T hese ex p erim en ts  w ith c lin ica l m a te r ia l  in d ica te  th a t in  g en e ra l HEKF 
s tra in s  a r e  m o re  sen s itiv e  to  rh in o v iru se s  than HEL s tra in s  and suggest 
that th is  d if f e re n c e  m ay b e  g re a te r  w ith  c e r ta in  se ro ty p es . T h e re  i s  a lso  
evidence ind icating  th a t d i f f e r e n t  HEL s tr a in s  v a ry  co n sid e rab ly  in  th e ir  
sensitiv ity .
T itra tio n s  o f  V iru s  P o o ls  
F u r th e r  ex p erim en ts  w e re  designed  to c o n f irm  w hether o r  not c e r ta in  
sero types produce cytopath ic e f f e c t s  m o re  re a d ily  in  HEKF than  in  HEL 
s tra in s  and w hether d if f e r e n c e s  in  sen s itiv ity  betw een  v a r io u s  c e ll s tra in s  
could be  observed  a f t e r  rh in o v iru se s  had been  cu ltiva ted  in  v itro . T h e re fo re ,  
tw enty-one ti tra t io n s  o f  v iru s  poo ls re p re se n tin g  17 d i f f e r e n t  se ro ty p e s  w e re
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m ade in  the eight ce ll s tra in s  (T ables 5 .4 , 5.5 and 5.6). Seventeen o f  th e  
v iru s  pools w ere  p re p a re d  in  HEKF and fo u r  in  H EL c e lls .
The m ean t i t r e  in  fo u r  o f  the  HEL s tr a in s  (RHEL-33 w as excluded b ecau se  
fo u r  t i tra t io n s  could not be  m ade owing to  b a c te r ia l  contam ination) w as su b ­
trac ted  f ro m  th e  m ean t i t r e  in  the  th re e  HEKF s tra in s  f o r  each  v iru s  ti tra t io n . 
The re s u lts  (Fig. 5.10) f e l l  in to  two g roups: a  group in  w hich the  d if f e re n c e
betw een the  m ean t i t r e s  in  HEKF and HEL c e lls  w as sm a ll (0.6 o r  le s s )  and 
which included 16 o f  th e  21 ti tra t io n s  and 14 o f  the  17 se ro ty p e s  re p re se n te d  
(Tables 5.4 and 5.5); a  group in  w hich th e  d if f e re n c e  w as la rg e  (1.4 o r  
h igher) and w hich included f iv e  t i tra t io n s  re p re se n tin g  th re e  d i f f e r e n t  
se ro ty p es , Glasgow se ro ty p es  1647-63, 1376-64 and 2030-65 (Table 5.6).
F o r  convenience v iru s e s  in  the  f i r s t  group w ill b e  ca lled  N (norm al) v i r u s e s ,  
and those  in  th e  second group K (kidney) v iru s e s .
The d ife re n c tb e tw e e n  m ean  t i t r e s  in  HEKF and HEL c e l ls  f o r  N v iru s e s  
w as 0.16 -  0.06 w hich i s  s ig n if ic a n t (t = 2 .5 ; 0.02<p <0.05). T he d if f e r e n c e  
f o r  K v iru s e s  w as 1.66 -  0.07 which is  h ighly  s ig n if ic a n t (t = 22.1; p<0.005).
The m eans o f  14 o f  th e  16 ti tr a t io n s  o f  N v iru s e s  (two w ere  excluded 
because o f  con tam ination  in  R H EL-33) in  each  o f  the  eigh t c e ll s tr a in s  
(Table 5.7 and F ig . 5.11) show no s ig n if ic a n t d if f e r e n c e s  betw een  th e  ce ll 
s tra in s . S im ila r r e s u l t s  f r o m  the  f iv e  t i tra t io n s  o f K v iru s e s  in  seven  c e ll 
s tra in s  (RHEL-33 w as excluded b eca u se  o f  b a c te r ia l  con tam ination  in  two 
titra tio n s) show m o re  s tr ik in g  d if f e r e n c e s  (Table 5.7 and F ig . 5.12). T he 
m ean t i t r e  in  R H EK F-30 c e lls  i s  s ig n if ic a n tly  h ig h e r than  th a t in  any o th e r
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ce lls  except RH EK F-35. Mean t i t r e s  in  the  HEL c e l ls ,  excep t W I-38 c e l ls ,  
a re  s ig n ifican tly  lo w er than  those  in  the  th re e  HEKF c e ll s tra in s .  The m ean  
t i t r e  in  W I-38 c e lls  i s  s ig n if ican tly  h ig h e r than  th a t in  R H EL-36.
T hese r e s u l ts  c o n f irm  the  ex isten ce  o f c e r ta in  rh in o v iru s  se ro ty p es  to 
which HEKF a r e  m uch m o re  sen s itiv e  than  HEL ceH s. T itra tio n  o f  N v iru s e s  
a f te r  grow th in  v itro  did not show any s ig n if ic a n t d if f e re n c e s  in  sen s itiv ity  
between the  eight c e ll s tr a in s .  C e rta in  d if f e re n c e s  w ere  ev ident when K 
v iru se s  w ere  t i tra te d .
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CHAPTER 6 
STUDIES WITH RESPIRATORY SYNCYTIAL VIRUS
R e sp ira to ry  syncy tia l v iru s  had been  d e sc rib e d  a s  a la b ile  v iru s  (Beem  
et a I 1960). M odifications o f  th e  u su a l m ethods f o r  v iru s  iso la tio n  w ere  
th e re fo re  m ade in  an  a ttem p t to  im p ro v e  th e  iso la tio n  r a te  o f th is  v iru s .
D uring s tu d ie s  w ith RS v iru s  th e  se n s itiv ity  o f BH c e lls  w as found to  be  
in fluenced  by th e  se ru m  in  w hich they  w ere  m ain tained  and th e  leng th  o f 
tim e they  had been  in  continuous cu ltu re .
E a rly  a ttem p ts  to  d e te c t RS v iru s  n eu tra liz in g  an tibod ies in  s e ra  f ro m  
in fec ted  ch ild ren  w e re  d isappoin ting . A f te r  m odify ing  th e  m ethod in  v a r io u s  
ways I found th a t th e  add ition  o f  unheated  ra b b it se ru m  to  the  s e ru m -v iru s  
m ix tu res s ig n if ic a n tly  in c re a se d  n e u tra liz in g  antibody t i t r e s .
U nheated ra b b it s e ru m  w as a lso  v a luab le  in  th e  study o f  an tigen ic  v a r ia tio n  
among RS v iru s  s t r a in s .  A n tise ra  w ere  p re p a re d  by  v a r io u s  m ethods ag a in s t 
two s tra in s  o f  RS v iru s .  W hen th e se  s e ra  w e re  ti tra te d  ag a in st nine RS v iru s  
s tra in s  they  re v e a le d  two an tig en ica lly  d is tin c t s tra in s ;  th e  o th e r  seven  s tr a in s  
w ere possib ly  in te rm e d ia te .
V iru s  Iso la tio n
D uring a  sm a ll study o f  ch ild ren  in  h o sp ita l w ith re s p ir a to ry  il ln e s s  f r o m  
D ecem ber 1962 to  May 1963, th ro a t sw abs w e re  inocu lated  d ire c tly  in to  tu b es  
of BH c e lls  in  the  w ard s . T he c u ltu re s  w e re  co llec ted  each  day and subsequently
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incubated and tre a te d  a s  u su a l. D uring D ecem b er, January  and F e b ru a ry ,
RS v iru s  w as iso la ted  f ro m  eight (26%) o f  31 ch ild ren . T h is  iso la tio n  r a te  
w as no h ig h e r than  th a t found by  o th e r w o rk e rs  u sing  th e  m o re  conventional 
technique o f inocu lating  t is s u e  c u ltu re s  w ith tr a n s p o r t  m edium . The m ethod 
had two d isadvan tages: only one type o f t is s u e  c u ltu re  could be  inoculated
un less  m o re  sw abs w ere  co llec ted ; tw enty (34%) o f  59 spec im en s co llec ted  
w ere  m ic ro b ia lly  con tam inated . D ire c t inocu lation  o f  t is s u e  c u ltu re s  w as 
th e re fo re  d iscon tinued .
When s tu d ie s  on ch ild ren  in  h o sp ita l w e re  continued in  O ctober 1963, I 
com pared in c re a se d  an tib io tic  co n cen tra tio n s  w ith cen tr ifu g a tio n  f o r  the 
con tro l o f  m ic ro b ia l contam ination . When th ro a t o r  nose spec im ens had been  
cen trifu g ed  th e  su p e m a te  w as inocu lated  into t is s u e  c u ltu re s  a s  u sua l and the  
deposit w as re su sp en d ed  in  a  p o rtio n  o f  the  su p ern a te  and 0.1 m l inoculated  
into one tube o f  each  type o f t is s u e  cu ltu re . To th e  tu b es  inocu lated  w ith 
the deposit m a te r ia l  f r o m  a lte rn a te  sp ec im en s add itional an tib io tic s  (50 u n its  
n y s ta tin , 100 u n its  p e n ic illin  and 100 pg s trep to m y c in  p e r  tube) w e re  added.
The r e s u l ts  o f the exam ination  o f  80 spec im en s (Table 6.1) show th a t, o f 
tubes inocu lated  w ithout e x tra  a n tib io tic s , th o se  inocu lated  w ith d eposit m a te r ia l  
w ere con tam inated  m o re  o f te n  than  th o se  inocu lated  w ith su p ern a te  bu t th e re  
was no d if f e re n c e  in  the  group w here  e x tra  an tib io tic s  w e re  added w ith the  
deposits. C en trifu g a tio n  a lso  ap p ea red  to  a f f e c t  the  iso la tio n  o f  RS v iru s .
Of 17 spec im ens y ie ld ing  RS v i r u s ,  th e  v iru s  w as iso la ted  f r o m  bo th  su p ern a te
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and dep o sit o f  11, su p e rn a te  only o f one and dep o sit only o f  f iv e . Since 
cen trifu g a tio n  w as tim e  consum ing and m ight rem o v e  RS v iru s  f ro m  
spec im ens i t  w as d iscontinued  a f t e r  A p ril 1964 and m ic ro b ia l contam ination  
w as con tro lled  by the  add ition  o f  e x tra  an tib io tic s  to  c u ltu re s  inoculated  with 
specim ens.
In F e b ru a ry  1964, b a tch es  o f  fow l se ru m  w ere  obtained w hich w ere  toxic 
to BH c e lls  and inh ib ited  RS v iru s .  An a lte rn a tiv e  se ru m  w as th e re fo re  
sought f o r  the  m ain tenance o f BH c e lls . P o o ls  o f  c a l f ,  ra b b it and fow l 
se ra  w ere  te s te d  f o r  RS v iru s  in h ib ito rs . One o f  th re e  pools o f  fow l se ru m  
and two poo ls o f  c a l f  s e ru m  inhib ited  th e  grow th o f 68 T C D ^  o f RS v iru s  
a t d ilu tions o f  1/20 to  1/40 in  t is s u e  c u ltu re  m edium . No inh ib ition  w as 
found in  two b a tch es  o f  new born c a l f  s e ru m  o r  in  fo u r  poo ls o f  ra b b it se ru m . 
Rabbit se ru m  w as th e re fo re  sub stitu ted  f o r  fow l s e ru m  in  BH m ain tenance 
m edium  a f t e r  M arch 1964.
It w as re p ea ted ly  found th a t,  a f t e r  about a  y e a r  in  continuous c u ltu re ,
BH c e lls  tended  to  ag g reg a te  in to  clum ps. F re s h  c e lls  w ere  th e re fo re  
thawed a t th e  end o f  each  su m m e r f ro m  a  stock  f ro z e n  a t -70°C . T itra tio n s  
of RS v iru s  in  c e l ls  w hich had re c e n tly  b een  thaw ed and in  c e lls  w hich had 
been in  c u ltu re  o v er tw elve m onths (Table 6.2) showed th a t the  v iru s  gave a 
h igher t i t r e  in  re c e n tly  thaw ed c e lls .  T he BH c e lls  had been  shown by  M r. 
W. House to  b e  in fe c te d  w ith a m ycop lasm a. C ells  w ere  th e re fo re  cu ltu red  
in  the  p re se n c e  and ab sen ce  o f 50 p g /m l o f  au reo m y cin  in  an a ttem p t to
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elim inate  th e  m ycoplasm a and in v estig a te  i t s  e f f e c t  on the  RS v iru s  
sen s itiv ity  o f the  c e lls . M ycoplasm a w ere  not iso la ted  f ro m  c e lls  which 
had been  grow n in  th e  p re se n c e  o f  au reom ycin  f o r  six  w eeks o r  m o re . 
H ow ever, th e  t i t r e s  o f  RS v iru s  w ere  s im ila r  w hether c e l ls  had been  grow n 
in  the p re se n c e  o f au reo m y cin  o r  not (Table 6.2 E xp erim en t 2). The 
geo m etric  m ean  o f  the t i t r e s  in  c e lls  w hich had been  in  cu ltu re  fo u r  m onths 
o r  lo n g e r w as 2.85 -  0.26 (log TCD ^q/ 0.1 m l) and in  c e lls  w hich had been  in  
cu ltu re  six  w eeks o r  l e s s  w as 4.15 -  0.27 (log TCD /0.1 m l). T h is  ind icated
j U
a s ig n if ican t d if fe re n c e .  T hus BH c e lls  w e re  shown to  lo se  se n s itiv ity  f o r
RS v iru s  bu t th is  could not b e  a sso c ia te d  w ith m ycoplasm a in fec tio n .
D uring the  s tudy , r e s p ir a to ry  sp ec im en s f r o m  476 ch ild ren  in  h o sp ita l
w ere  te s te d  in  p a ra l le l  in  RM K, BH and HEKF c e lls  (Table 6.3). RS v iru s
oA
w as iso la ted  in  BH c e lls  f r o m  65 (88%) o f th e  74 c a se s  which y ie lc^ th is 
v iru s ,  f r o m  38 (51%) in  RMK and f r o m  13 (18%) in  HEKF. The r e s u l ts  
ind icate  th e  su p e r io r  sen s itiv ity  o f BH c e lls  du ring  each  o f  the  th re e  w in te rs  
o f the study.
E stim a tio n  o f  N eu tra liz ing  A ntibody 
V arious  conditions w ere  in v estig a ted  to  e s ta b lish  a sen s itiv e  m ethod f o r  
detecting  RS v iru s  n eu tra liz in g  an tibod ies : th e  am ount and s tra in  o f  the 
v iru s  u se d , th e  te m p e ra tu re  and d u ra tio n  o f  incubation  o f  s e ru m -v iru s  
m ix tu re s ; th e  add ition  o f  unheated  s e ru m  to  the re a c tio n  m ix tu re s  and the  
duration  o f  incubation  b e fo re  te s t s  w e re  re a d .
79
A cute and convalescen t s e ra  f ro m  fo u r  p a tien ts  f ro m  whom RS
V\AXS
v iru s^ iso la ted  w ere  ti tra te d  ag a in s t te n f  olded d ilu tions o f  RS v iru s  
and the t is s u e  c u ltu re s  re a d  fo u r  and seven  days a f t e r  inoculation  
(Table 6.4). When m o re  than 100 T C D ^  o f v iru s  w ere  u sed , a fo u r fo ld  
o r g re a te r  antibody t i t r e  r i s e  w as found once in  read in g s  a t 4 days and not 
a t a ll a t 7 days. W hen 32 TCD^^ o f  v iru s  w e re  u sed  fo u r fo ld  o r  
g re a te r  t i t r e  r i s e s  w ere  found in  two o f  the fo u r  p a tien ts  a t 4 days and 
in one a t 7 days. In m o st c a s e s ,  the  antibody t i t r e s  w e re  h ig h e r i f  
read ings w ere  taken  a t 4 days. In a ll  f u r th e r  te s t s ,  th e re fo re ,  the 
v iru s  dose w as le s s  than 10 0  T C D ^ q  and c u ltu re s  w ere  changed to  f r e s h  
m edium  (containing 1 /80 ,000  n e u tra l red ) a f t e r  3 days and re a d  th e  fo llow ing 
day.
A cute and convalescen t s e ra  f ro m  a  child  in fe c te d  w ith RS v iru s  w ere  
titra ted  and the  s e ru m -v iru s  m ix tu re s  held  u n d er th re e  s e ts  o f  conditions: 
a) 1% h o u rs  a t  ro o m  te m p e ra tu re ,  b) 1% h o u rs  a t 36°C , c) 6 h o u rs  a t ro o m  
tem p era tu re . No d if f e re n c e  in  antibody t i t r e s  w as found. In the 
standard  m ethod s e ru m -v iru s  m ix tu re s  w ere  incubated  f o r  1% h o u rs  a t 
room  te m p e ra tu re .
Sera co llec ted  f ro m  ch ild ren  aged betw een 5 and 16 m onths in  h o sp ita l 
with acu te  r e s p ir a to ry  i l ln e s s  du ring  the  1962-63 w in te r w ere  te s te d  f o r  
neu tra liz ing  an tibod ies a g a in s t two s tra in s  o f  RS v iru s ,  u sing  the above 
standard  m ethods. The n eu tra liz in g  antibody t i t r e s  ag a in s t the
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Randall s tr a in  w ere  low , p a r tic u la r ly  com pared  w ith the  CF antibody 
t i t r e s  (Table 6.5). Only f o u r  o f  seven  c a s e s  showed a fo u r fo ld  o r  
g re a te r  t i t r e  r i s e .  The sam e s e ra  w ere  te s te d  ag a in s t a s im ila r  dose 
o f a s tra in  o f  RS v iru s  iso la ted  a t  th e  beginning o f F e b ru a ry  1963 (s tra in  
329-63). N eu tra liz ing  antibody t i t r e s  in  convalescen t s e ra  w ere  h ig h e r 
ag a in st 329-63 than  ag a in s t R andall and a ll seven  c a se s  showed fo u r fo ld  o r 
g re a te r  t i t r e  r i s e s  ag a in s t 329-63.
Unheated ra b b it and guinea pig s e ra  w ere  in co rp o ra ted  into the s e ru m -  
v iru s  m ix tu re s  in  an  a ttem p t to  in c re a s e  th e  sen s itiv ity  o f th e  n eu tra liz a tio n  
te s t. A cute and co nvalescen t s e ra  w ere  ti tra te d  a g a in s t th e  sam e dilu tion  
o r  RS v ihus m ade in  PBS a lo n e , PBS contain ing  1% unheated guinea pig  se ru m  
and PBS contain ing  25% unheated  ra b b it s e ru m  (Table 6. 6). Both guinea 
pig and ra b b it s e ra  co n sid erab ly  enhanced th e  antibody t i t r e  in  th e  convalescen t 
se ru m  w ithout a f fe c t in g  th e  v iru s  dose . R abbit se ru m  had no e f f e c t  i f  i t  
w as hea ted  a t  56°C f o r  30 m in  b e fo re  add ition  to the  s e ru m -v iru s  m ix tu re  
(Table 6.7).
D uring the  two fo llow ing  w in te rs  (1963-64 and 1964-65) the e f f e c t s  o f 
d if f e re n t  v iru s  s tra in s  and unheated  ra b b it  se ru m  on n eu tra liz a tio n  te s ts  
w as investiga ted  f u r th e r .  P a ire d  s e ra  f ro m  som e o f the  p a tien ts  f ro m  
whom RS v iru s  w as iso la ted  w ere  te s te d  in  the  p re se n c e  and ab sen ce  o f 
f r e s h  ra b b it s e ru m  a g a in s t both th e  R andall s tr a in  and a  s tra in  iso la ted  
during  each  o f the  two w in te rs  (121-64 and 143-65). The va lue  o f  unheated 
rab b it s e ru m  w as c o n firm e d  s in ce  in  a l l  c a s e s  i t  in c re a se d  th e  antibody
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t i t r e s ,  in  th re e  in s ta n c e s  m o re  than  e igh tfo ld  (Table 6.8). Unheated 
se ru m  in c re a se d  the  num ber o f fo u rfo ld  o r  g re a te r  t i t r e  r i s e s  detected  
f ro m  two to  f iv e  both  a g a in s t ep idem ic and ag a in st R andall s tra in s  o f  RS 
v iru s . No s ig n if ic a n t d if f e re n c e s  w ere  de tec ted  when r e s u l ts  obtained 
using  th e  R andall and ep idem ic s tra in s  o f  v iru s  w ere  com pared . T itra tio n s  
o f fo u r  p a i r s  o f s e ra  f ro m  th e  1963-64 and 1964-65 w in te rs  w e re  rep ea ted  
ag a in st th e  R andall and 329-63 s tra in s  (Table 6.9). T he antibody t i t r e s  
w ere  s im ila r  ag a in st both s tra in s .
A ntigenic V aria tio n
In view  o f th e  d i f f e r e n t  le v e ls  o f  n eu tra liz in g  antibody found in
1962-63 hum an s e ra  ag a in s t R andall and 329-63 s tra in s  o f RS v iru s ,  I
decided to  d e te rm in e  i f  th e se  two s tra in s  d i f f e r e d  an tigen ically .
A n tise ra  ag a in s t bo th  th e  R andall and 329-63 s tra in s  w ere  p re p a re d  by
in tra n a sa l inocu lation  o f guinea p ig s (weighing 800 -  1100 g) w ith 0.2 m l
p e r  p ig  o f u n fro z e n  t is s u e  cu ltu re  f lu id  (containing 10^ to  10^ T C D ^ /m l) .
F u r th e r  in tra p e r ito n e a l inocu la tions o f  2 m l p e r  p ig  o f  v iru s  
4 5(10 to  10 T C D ^ /m l)  w e re  given 3 and 6 w eeks la te r .  The an im a ls  w ere  
exsanguinated 1 w eek a f t e r  th e  f in a l  inoculation . T itra tio n s  o f  th e se  
a n tis e ra  (Table 6.10) showed th a t a l l  the  an im a ls  had a  g re a te r  than  fo u rfo ld  
r i s e  in  an tibod ies ag a in s t both  s tra in s  o f  v i r u s ,  ir r e s p e c tiv e  o f w hether 
unheated ra b b it s e ru m  w as u sed  o r  not. The d eg ree  o f  the  antibody 
re sp o n se  w as no t a lw ays the sam e  a g a in s t th e  two v iru s  s tra in s .  P o s t-
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im m une R andall a n tise ru m  1 showed a 32- to  4 5 - fo ld  d if f e re n c e  in  t i t r e  
ag a in st hom ologous and h e tero logous v iru s  s tra in s .  The d if f e re n c e  w ith 
R andall a n tis e ru m  2 w as s im ila r  bu t m uch le s s .  The only s ig n if ican t 
d if fe re n c e  (fo u rfo ld  o r  g re a te r )  w ith th e  two 329-63 p o st-im m u n e  a n tis e ra  
w as a n tise ru m  1 w hich, in  th e  ab sen ce  o f  unheated s e ru m , showed a fo u rfo ld  
h ig h er t i t r e  ag a in s t the  R andall s tra in  than  a g a in s t the  hom ologous s tra in .
The n eu tra liz a tio n  in d ices  o f  p o st-im m u n e  a n t is e ra ,  R andall /I and 
3 29 -63 /2 , w e re  a lso  es tim a ted . Equal vo lum es o f ten fo ld  d ilu tions o f  the  
two v iru s  s tra in s  and 1/10 d ilu tions o f  th e  a n t is e ra  and n o rm al guinea pig 
se ru m  w ere  incubated  f o r  1% h o u rs  a t ro o m  te m p e ra tu re  both  in  the  p re se n c e  
and ab sence  o f  unheated ra b b it s e ru m . The m ix tu re s  w e re  inoculated  into 
BH ceH s (0.2 m l p e r  tube; 5 tubes p e r  m ix tu re) and the  t i t r e s  o f  v iru s  
e s tim ated  a f t e r  7 days. The n eu tra liz a tio n  index (NI) f o r  each  v iru s  ag a in st 
each a n tis e ru m  w as ca lcu la ted  by su b trac tin g  log  TCD^^ t i t r e  o f  v iru s  with 
a n tise ru m  f ro m  log  T C D ^  t i t r e  w ith n o rm al se ru m . The r e s u l t s  (Table 
6.11) c o n f irm  th o se  shown in  T ab le  6.10. R andall a n tis e ru m  1 d if f e re n t ia te s  
betw een th e  two v iru s  s tr a in s  both  w ith unheated  se ru m  (Randall NI > 4 .2 , 
329-63 NI = 2 .4 ; d i f f e r e n c e >1.8) and w ithout i t  (Randall N I>3.8, 329-63 
NI = 0.6; d if f e re n c e  >3.2) w h e reas  329-63 a n tis e ru m  2 does not (NI 
d if f e re n c e s  <0.2 and 0.2).
A ttem pts w e re  m ade to  p roduce  m o re  n a rro w ly  s p e c if ic  a n t is e ra  by
4 .7  5.3in jecting  guinea p ig s  in tra m u sc u la r ly  w ith 1 m l o f v iru s  (10 * to  10 
T C D ^ /m l)  and exsanguinating  th em  7 days la te r .  T h is  m ethod w as
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su c c e ss fu lly  u sed  by  G o ffe  and B ell (1963) f o r  the  p roduction  o f highly  
sp e c if ic  p o lio v iru s  a n tis e ra . H ow ever, no antibody re sp o n se  ag a in st RS 
v iru s  could b e  detec ted .
E f f o r t s  w ere  then m ade to  in c re a s e  antibody re sp o n se  by concen tra ting  
the  v iru s  and by in c re a s in g  th e  num ber o f  in jec tio n s . A ttem pts to  p roduce 
h igh -titred  v iru s  by grow ing i t  in  r o l l e r  b o ttle s  contain ing a  m ono layer o f 
c e lls  around the in n e r c irc u m fe re n c e  fa ile d  b ecau se  BH c e lls  fo rm e d  la rg e  
ag g reg a te s , not m o n o lay e rs , u n d er th e se  conditions.
C oncen tration  o f an tigen  w as then  a ttem p ted  by  th e  u se  o f  a lum inium  
sa lts . Two m ethods w ere  used :
(a) The A lPO ^ gel w as p re p a re d  by th e  m ethod o f  F a n te s  (1962)
and used  a s  d e sc rib e d  in  C hap ter 4 f o r  concen tra tin g  rh in o v iru se s .
(b) The m ethod d e sc rib e d  by  M idulla, W allis  and M elnick (1965) w as 
u sed . 1 m l o f 0.25 M A lC l and 1 m l o f 0.5M  Na CO w ere  
added to  8 m l o f  c e l l - f r e e  v iru s  su sp en sio n , th e  m ix tu re  shaken 
and incubated  a t  36°C f o r  15 m in. A f te r  c en tr ifu g a tio n  a t 
2 ,0 0 0  r e v /m in  f o r  10 m in  th e  su p ern a te  and a  p o rtio n  o f  the 
p re c ip ita te  w e re  rem oved  f o r  t i t r a t io n , and th e  re m a in d e r  o f  the  
p re c ip ita te  d is tr ib u te d  in to  am pou les and s to re d  a t  -70°C .
No in c re a s e  in  t i t r e  o f  the  v iru s  w as d e tec ted  u sing  Method (a) in  e ith e r  
o f two ex p erim en ts . Method (b) re su lte d  in  a 5 - to  30- fo ld  in c re a s e  in  the  
v iru s  t i t r e  in  the  p re c ip ita te  (Table 6.12).
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R andall and 329-63 an tigens w ere  p re p a re d  both a s  n o rm al t is s u e  
cu ltu re  f lu id  and a s  p re c ip ita te  a f t e r  th e  add ition  o f A lCl and Na CO . 
Each o f the  fo u r  p re p a ra tio n s  w as inoculated  into two guinea p igs. Two 
in tra m u sc u la r  in jec tio n s  o f 1 m l w ere  given 3 w eeks a p a r t  and the 
an im als  exsanguinated  5-6  days a f t e r  th e  f in a l  in jection .
C oncen tra tion  o f  the  v iru s  an tigen  induced h ig h e r antibody le v e ls  w ith 
329-63 s tra in  bu t not w ith R andall s tra in  w ith w hich th e re  w as le s a  
d if fe re n c e  betw een th e  in fe c tiv ity  t i t r e s  o f  n o rm al and concen tra ted  v iru s  
(Table 6.13).
The antibody re sp o n se s  o f  th e  guinea p ig s  w e re  low when s e ra  w ere  
te sted  w ithout unheated ra b b it  s e ru m  (Table 6.13). In the  p re se n c e  o f 
unheated s e ru m , fo u r  p o s t-im m u n iza tio n  s e ra  (R andall/5 , 3 2 9 -6 3 /5 , 6 
and 7) had hom ologous t i t r e s  o f  128 o r  g re a te r .  When th e se  fo u r  s e ra  
w ere  t i t r a te d  ag a in s t th e  he te ro lo g o u s s tr a in  th e  t i t r e s  w ere  m o re  than  
e igh tfo ld  lo w er. T h ese  r e s u l t s  in d ica te  a re c ip ro c a l an tigen ic  d if f e re n c e  
betw een R andall and 329-63 s tra in s .
The d is tr ib u tio n  o f th e se  two an tigen ic  types am ongst s tra in s  iso la ted  
a t R uchill and in  th e  U.S.A. w as nex t in v estig a ted . F o u r a n t is e ra ,
R andall A  and 5 and 329-63 /2  and 5 w ere  t i t r a te d  ag a in s t six  o th e r s tra in s  
o f RS v iru s  iso la ted  f ro m  th re e  ep idem ics  a t  R uchill and a  s t r a in  obtained 
f ro m  D r. R.M . Chanock (CH 18357). T he r e s u l t s  (Table 6.14) in d ica te  tha t 
t e a  v iru s  s tr a in s  m ay be  d ivided in to  fo u r  g roups:
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1) S tra in s  w hich a r e  n eu tra lized  strong ly  by a l l  fo u r  a n tis e ra ;  
e .g . the  U.S. s tra in  (CH 18357) and two s tra in s  iso la ted  a t 
R uchill in  A utum n 1965 (3892-65 and 4410-65).
2) S tra in s  w hich a r e  n eu tra liz ed  s tro n g ly  by a ll th e  a n tis e ra  
excep t 329/5 ; e .g . R andall s tra in .
3) S tra in s  w hich a r e  n eu tra liz ed  stro n g ly  by  th e  two 329-63 
a n t is e ra  bu t w eakly by th e  R andall a n t is e ra ; e .g . 329-63 
and a s tra in  iso la ted  in  January  1965 (143-65).
4) S tra in s  which a r e  n eu tra liz ed  w eakly by  a l l  a n t is e ra  except 
329 -63 /2 ; e .g . two s tra in s  iso la ted  in  A utum n 1965 
(4414-65 and 4178-65) and a s t r a in  iso la ted  in  January  1964 
(121-64).
The sam e grouping e m e rg e s  (Fig. 6.1) when th e  log  g eo m etric  m ean 
of the t i t r e s  o f the  two R andall a n t is e ra  i s  p lo tted  ag a in s t th a t o f th e  two 
329-63 a n tis e ra . Group 1 s tra in s  give t i t r e s  w ithin fo u r fo ld  o f  the 
hom ologous t i t r e s  o f  both  R andall and 329-63 s tra in s .  The Group 2 s tra in  
gives a t i t r e  w ith in  fo u r fo ld  o f the  R andall hom ologous t i t r e  bu t m o re  than 
fo u rfo ld  le s s  than  th e  329-63 hom ologous t i t r e .  Group 3 s tra in s  give 
t i t r e s  w ith in  fo u r fo ld  o f  hom ologous 329-63 t i t r e  bu t m o re  th an  fo u r fo ld  
le s s  than  hom ologous Randall t i t r e .  G roup 4 s tra in s  give t i t r e s  m o re  than  
fo u rfo ld  lo w er th an  e i th e r  329-63 o r  R andall hom ologous t i t r e s .
The re la tio n sh ip  o f  th e  s ix  R uchill and one U.S. s tr a in s  to  R andall 
and 329-63 s tra in s  m ay b e  deduced by co n s id erin g  th e  fo ld  d if f e re n c e  
betw een th e  g eo m e tric  m ean  t i t r e  o f  th e  R andall a n t is e ra  and th a t o f  th e
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329-63 a n tis e ra  f o r  each  s tra in  (Table 6.15). No s tra in s  w ere  id en tica l 
with e ith e r  R andall o r  329-63 s tra in s .  The fo ld  d if f e re n c e s  o f  th e  
seven o th e r s tra in s  w ere  betw een th o se  o f  R andall and 329-63. S tra in  
143-65 w as m o re  lik e  329-63 than  th e  o th e rs ; s tr a in s  4414-65 and 4178-65 
w ere  m o re  lik e  R andall. The s tra in s  iso la ted  a t  R uch ill did not show any 
p a tte rn  th a t could b e  r d a te d  to  th e  tim e  a t w hich they  w e re  iso la ted .
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CH APTER 7 
DISCUSSION
The m ain  pu rp o se  o f the w ork d esc rib e d  in  P a r t  I w as to e s tab lish  a t 
R uchill techn iques f o r  studying the epidem iology o f  re s p ir a to ry  v iru s e s ,  
p a r tic u la r ly  rh in o v iru se s  and RS v iru s .  P ro b le m s  a ro s e  du ring  the grow th 
o f c e lls  and iso la tio n  o f th e se  v iru s e s  in  them . The id e n tif ic a tio n  o f 
v iru s e s  iso la ted  and th e  e s tim a tio n s  o f  n eu tra liz in g  antibody ag a in s t them  
a lso  p re se n te d  d if f ic u lt ie s .  C e rta in  m o d ifica tio n s  o f  s tan d ard  techn iques 
im proved  r e s u l t s  and led  to som e h ith e rto  unpublished o b serv a tio n s.
The d if f ic u lt ie s  I ex perienced  in  cu ltu rin g  hum an em bryonic ce ll s tr a in s  
w ere  sh a red  by  m any w o rk e rs  and have been  tra c e d  to  re a g e n ts  o f in f e r io r  
quaKty and to  v a r ia tio n s  in  th e  fo rm u la e  o f  E ag le !s m edia (H ayflick , Jacobs 
and P e rk in s ,  1964). Newborn c a lf  s e ru m  m ay have contained f a c to r s  w hich 
com pensated f o r  th e  u n s a tis fa c to ry  E ag le !s MEM and thus allow ed s a t i s ­
fa c to ry  grow th o f  c e ll s tr a in s .  W hen s a tis f a c to ry  m edia w ere  used  I w as 
able to  obtain  grow th o f  ce ll s tra in s  s im ila r  to  th a t d e sc rib e d  by H ayflick  
and M oorhead (1961). A lthough th e se  w o rk e rs  re p o rte d  th a t c e ll s tr a in s  
could be  d e riv ed  f r o m  m a te r ia l  th a t had  rem a in ed  in  th e  in ta c t fe tu s  up to  
5 days a f t e r  i t s  rem o v a l f r o m  th e  u terus* I found th a t m a te r ia l f r o m  th re e  
fe tu s e s  w hich had rem a in ed  in ta c t a t  4°C  f o r  24 h o u rs  w as e ith e r  m ic ro -  
b ia lly  con tam inated  o r  fa i le d  to  y ie ld  v iab le  c e l ls .  H ow ever, I found th a t,  
a s  s ta ted  by  H ay flick  and M oorhead (1961), chopped tis s u e  p laced  in  m edium
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rem ain ed  v iab le  f o r  a t  le a s t  3 days.
The o rig in a l m ethod f o r  p re se rv in g  hum an diploid c e ll s tra in s  (H ayflick 
and M oorhead, 1961) could b e  im proved  by  rep la c in g  g ly cero l w ith DMS in  
the f re e z in g  m edium . T h is  o b serv a tio n  is  in  ag ree m en t w ith th o se  o f o th e r 
w o rk e rs  u sing  p r im a ry  hum an em bryonic lung  c e lls  (P o r te r f ie ld  and A shw ood- 
Sm ith, 1962) and hum an diploid c e ll s tr a in s  (W allace, 1964). C ell re c o v e ry  
w as f u r th e r  im proved  by  f re e z in g  th e  c e lls  m o re  slow ly than  H ayflick  and 
M oorhead (1961). T h is  f in d in g  a g re e s  w ith w ork  on m any c e ll ty p es  
(H auschka, M itchell and N ied e rp ru em , 1959) although W allace (1964) found 
the f re e z in g  r a te  w as not c r i t ic a l  f o r  hum an diploid c e ll s tra in s .  The 
d e te rio ra tio n  o f  c e l ls  s to red  a t  -70°C  o v er long p e r io d s  w hich I observed  
h as  a lso  been  noted by  o th e r w o rk e rs  (Takano, Y am ada and H irokaw a, 1961; 
W allace, 1964). A ccep tab le  u p p er te m p e ra tu re s  have not been  es tab lish ed  
but M errym an  (1962) h a s  s ta ted  th a t s to ra g e  o f b io log ica l m a te r ia l should 
be below  -100°C. A t th is  te m p e ra tu re  c ry s ta l  grow th and b io chem ica l 
degradation  a r e  be lieved  to  cea se .
My stu d ie s  on th e  handling and s to ra g e  o f  hum an em bryonic diploid  ce ll 
s tra in s  in d ica te s  th a t such  c e lls  m ay b e  re a d ily  grow n prov ided  high 
quaKty m edium  o f  th e  c o r r e c t  type is  u sed . S to rage o f  th e se  c e l ls  should 
be in  m edium  contain ing  DMS and a t  te m p e ra tu re s  below  -100 C.
Human em bryonic  lung  c e ll s t r a in s  have been  w idely u sed  f o r  th e  
iso la tio n  and grow th o f  rh in o v iru se s  bu t fe w  w o rk e rs  have com pared  th em  
with o th e r c e ll types and no one h a s  re p o r te d  th e  iso la tio n  o f rh in o v iru se s
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in  hum an em bryonic k idney c e ll s tra in s . C om parative  s tu d ies  have shown 
tha t m o re  rh in o v iru se s  a r e  iso la ted  in  W I-38 c e lls  than  in  p r im a ry  em bryonic 
kidney c e lls  and m o re  in  p r im a ry  em bryonic kidney c e lls  than  in  an o th er 
em bryonic lung c e ll s tra in  (H am re, 1963, 1964). The w ork  re p o r te d  h e re  
in d ica te s  th a t HEKF ce ll s tr a in s  a r e  m o re  sen s itiv e  than  W I-38 c e lls  f o r  
p r im a ry  iso la tio n  o f  rh in o v iru se s . H iggins (1966b) h a s  re c e n tly  shown 
th a t som e rh in o v iru se s  w ere  re p ea ted ly  iso la ted  in  W I-38 c e lls  bu t no t in  
p r im a ry  em bryonic kidney c e lls  and o th e rs  w e re  iso la ted  in  kidney c e lls  
bu t not in  W I-38 c e lls . The d isco v e ry  in  th is  w ork  o f  th re e  rh in o v iru s  
se ro ty p es  (K s tra in s )  w hich grow  m o re  re a d ily  in  HEKF than  in  HEL c e lls  
p ro v es  the  ex is ten ce  o f  rh in o v iru se s  w ith d i f f e r e n t  tis s u e  tro p ism  and 
m ay b e  the  explanation  o f Higgins* fin d in g s. I did no t, h ow ever, f in d  
evidence o f  rh in o v iru se s  w hich grew  b e t te r  in  HEL than  in  HEKF c e lls .
The HEKF c e ll s tr a in s  m ay possib ly  b e  sen s itiv e  to  both th e  ty p es  o f 
rh in o v iru se s  d e sc rib e d  by H iggins and th e re fo re  com bine the  advan tages 
o f W I-38 c e lls  and p r im a ry  em bryonic k idney  c e lls .
C ells  f r o m  d i f f e r e n t  em b ry o s v a ry  in  th e ir  se n s itiv ity  to  rh in o v iru se s . 
T his h a s  been  shown in  both  p r im a ry  c e lls  (Johnson e t a l. 1962a) and s e m i-  
continuous lung  c e ll s tr a in s  (Brown and T y r r e l l ,  1964). My o b se rv a tio n s  
co n firm  th o se  o f  Brow n and T y r re l l  (1964) and in d ica te  th a t s im ila r  
v a ria tio n  o c c u rs  am ong HEKF s t r a in s ,  though to  a  l e s s e r  ex ten t in  the  
th re e  s tra in s  I te s te d . T he re a s o n s  f o r  th is  v a r ia tio n  a r e  not u n derstood . 
The rh in o v iru s  sen s itiv ity  o f  a  c e ll s t r a in  does not a p p ea r to  be  e n tire ly
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genetically  con tro lled  since  I d eriv ed  a sen s itiv e  HEKF s tra in  and 
com paratively  r e s is ta n t  HEL s tra in  f ro m  the sam e fe tu s .  In fec tio n  o f 
cell s tra in s  w ith v iru s e s ,  m yco p lasm as o r  p ro tozoa w hich m ay produce 
in te r fe ro n  and thus inh ib it rh in o v iru s  grow th is  a m o re  lik e ly  explanation 
o f re s is ta n c e  to  rh in o v iru s  in fec tio n . G o ffe  (1965) d esc rib e d  a HEL 
s tra in  which w as r e s is ta n t  to rh in o v iru se s  and found to be ch ro n ica lly  
in fec ted  w ith ru b e lla  v iru s . No m y cop lasm as w ere  iso la ted  f ro m  the ce ll 
s tra in s  I u sed  and no cytopath ic o r  h aem adso rb ing  agen t w as found when 
cell s tra in s  w ere  inocu lated  into BH o r  RMK c e lls  bu t i t  i s  d i f f ic u l t  to 
prove the ab sen ce  o f  in fe c tio u s  agen ts  f ro m  a c e ll s tra in .
H aem agglutination by rh in o v iru se s  h a s  been  sought on a  lim ited  sca le  
by sev e ra l w o rk e rs  bu t n ev e r de tec ted  (H am parian  e t a l. 1961b; Johnson 
and R osen , 1963; Muf son e t a l. 1965). Since rh in o v iru se s  a r e  b io log ically  
and m orphologically  s im ila r  to e n te ro v iru se s  i t  seem ed  p o ssib le  th a t 
c e rta in  types u n d er a p p ro p ria te  conditions m ight agg lu tinate  e ry th ro c y te s .
I w as unable to  d e te c t any rh in o v iru s  haem agglu tin in  although a la rg e  num ber 
of s tra in s  w ere  te s te d  ag a in s t e ry th ro c y te s  o f  se v e ra l sp ec ie s  a t th re e  
d if fe re n t te m p e ra tu re s .
The m ethod I u sed  f o r  e s tim a tin g  rh in o v iru s  n eu tra liz in g  antibody i s  
s im ila r  to th a t d e sc rib e d  by o th e r w o rk e rs  and i s  only s ligh tly  l e s s  sen s itiv e  
than the m ic ro p laq u e -re d u c tio n  technique (T ay lo r-R ob inson  e t a l. 1963). 
A ttem pts to enhance rh in o v iru s  n e u tra liz a tio n  have not p rev io u s ly  been  
rep o rted  but I w as unable to  in c re a s e  n e u tra liz a tio n  t i t r e s  by v ary ing
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te m p e ra tu re  o r  tim e  o r  by adding unheated se ru m .
S pecific  a n t is e ra  should id ea lly  b e  p re p a re d  using  v iru s e s  w hich have 
been p u rif ie d  e ith e r  by  picking sing le  p laques o r  by te rm in a l d ilu tion  
p assage  (T y rre ll and C hanock, 1963). H ow ever, in  a la b o ra to ry  w here  
rh in o v iru se s  a r e  being  continually  iso la ted  th e re  i s  a r i s k  o f c r o s s -  
contam ination. I th e re fo re  p a sse d  v iru s e s  in  t is s u e  c u ltu re  a s  l i t t le  a s  
p ossib le  b e fo re  s to rin g . The v iru s e s  I u sed  f o r  a n tis e ru m  p re p a ra tio n  
w ere  not p u r if ie d  a s  I be lieved  th a t ,  in  th e se  c irc u m s ta n c e s , t r ip le  te rm in a l 
dilution p assag e  m ight r e s u l t  in  c ro ss -c o n ta m in a tio n  r a th e r  than  p u r if ic a ­
tion. R h inov irus HGP h a s  been  su c c e s s fu lly  concen tra ted  by ad so rp tio n  
onto a lum inium  phosphate (Chappie and H a r r is ,  1966) bu t i t  i s  not c le a r  
what d eg ree  o f  co n cen tra tio n  w as ach ieved . I w as not ab le  to  co n cen tra te  
th re e  rh in o v iru se s  in  th is  w ay, p o ssib ly  b eca u se  too m uch c e llu la r  p ro te in  
o r se ru m  w as p re s e n t in  th e  v iru s  su spension  I u se d , o r  l e s s  lik e ly , 
because  no t a l l  rh in o v iru se s  a r e  ad so rb ed  equally  w ell. R hinov irus a n tis e ra  
have been  p re p a re d  in  guinea p ig s by se v e ra l w o rk e rs  (K etler e t a l. 1962; 
Johnson and R osen , 1963; H am re  e t a l. 1964). A lthough the  m ethods I used  
w ere  m o re  s im p le , th ey  gave s a tis f a c to ry  r e s u l ts .
C ro ss -n e u tra liz a tio n  s tu d ie s  w ith rh in o v iru se s  iso la ted  a t  R uchill 
H ospital and guinea pig  a n t is e ra  p re p a re d  a g a in s t th em  rev ea led  two p a i r s  
of se ro lo g ica lly  id en tica l v i r u s e s ,  a  p a i r  c lo se ly  re la te d  and a  p a ir  showing 
a s trong  one-w ay c ro s s - re a c tio n . T h is  one-w ay c ro s s - re a c tio n  w as shown
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to be  due to  a  m ix tu re  o f v iru s e s  and not to  an tigen ic  d if f e re n c e s .  The 
absence o f t ru e  one-w ay c ro s s - re a c tio n s  a g re e s  w ith th e  r e s u l t s  o f  m o st 
o the r w o rk e rs  who have p re p a re d  a n tis e ra  in  guinea p ig s . H ow ever, one­
way c ro s s - re a c tio n s  have been  d em o n stra ted  u sin g  a n t is e ra  p re p a re d  in  
guinea p ig s betw een rh in o v iru s  B632 and s tra in s  o f echov iru s 28 and , to 
a l e s s e r  ex ten t, betw een s tr a in  NIH 353 and c e r ta in  Chicago rh in o v iru se s  
(Monto and Johnson, 1966; H am re  e t a l. 1964). Low le v e l h e te ro ty p ic  
re sp o n se s  have f re q u e n tly  been  found in  a n tis e ra  p re p a re d  in  c a ttle  
(F en te rs  e t a l. 1966). F e n te rs  and h is  co lleagues b e liev e  th a t se ro lo g ica lly  
d is tin c t rh in o v iru se s  m ay b e  grouped by th e se  lo w -lev e l c ro s s - re a c tio n s .
It is  how ever p o ss ib le  th a t c a ttle  a r e  n a tu ra lly  in fe c te d  w ith rh in o v iru se s  
se ro lo g ica lly  re la te d  to  th e  hum an v iru s e s  and th a t h e te ro ty p ic  re sp o n se s  
a re  due to  th e  fr e c a l l ! phenom enon s im ila r  to  th a t found  in  co x sack iev iru s  
type B in fe c tio n s  in  m an. The re c ip ro c a l c ro s s - re a c tio n  betw een s tra in s  
4574-62 and 1767-65 su g g es ts  th a t they  belong to  the  sam e se ro ty p e , 
although one w as an  M s tra in  and th e  o th e r  an  H s tra in . The iso la tio n  o f 
M and H s tra in s  o f  the sam e se ro ty p e  h a s  b een  re p o r te d  f o r  two se ro ty p e s  
(P h illip s , R iggs , M elnick and G rim , 1965b). O f th e  v iru s e s  iso la ted  in  
G lasgow, two M s tr a in s  and fo u r  H s tr a in s  w e re  n eu tra liz ed  by both  
4574-62 and 1767-65 a n t is e ra  and one M s tr a in  and th re e  H s tra in s  w ere  
n eu tra lized  by 1321-62 a n tis e ru m . T h ese  f in d in g s  ind ica te  th a t the  
grouping o f  rh in o v iru se s  in to  M and H s tr a in s  m ay b e  a  guide to  th e ir  
sero type  bu t i s  not n e c e s s a r i ly  so. R ecen tly  D ouglas, C ate and Couch
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(1966) have shown th a t f iv e  H rh in o v iru se s  would p roduce cytopathic 
e f f e c t s  in  m onkey kidney c e lls  i f  enough v iru s  w as inocu lated , but 
th e re  i s  ev idence th a t one o f th e se  v iru s e s ,  s tr a in  NIH 1059, fa ile d  
to grow  in  m onkey kidney c u ltu re s  b eca u se  i t  w as not ab so rb ed  by  the  
c e lls  to  any ap p rec iab le  ex ten t (H aff e t a l. 1966). T h e re  a r e  a lso  
d if f e re n c e s  betw een  M and H s tra in  v iru s e s  both  in  th e ir  ab ility  to  
s tim u la te  antibody p roduction  (T ay lo r-R ob inson  e t a l. 1963) and in  th e ir  
seaso n a l p a tte rn  o f  in fe c tio n  (B loom , F o rsy th , Johnson and Chanock,
1963). T h u s, an  im p o rtan t d is tin c tio n  m ay y e t e x is t betw een rh in o v iru se s  
w hich can  b e  iso la ted  and grow n in  m onkey kidney c e lls  and th o se  which 
cannot.
The iso la tio n  o f RS v iru s  w as in flu en ced  by  th e  tre a tm e n t o f  spec im ens 
and th e  sen s itiv ity  o f  c e l ls  in to  w hich they  w e re  inocu lated . The rem o v a l 
o f RS v iru s  f ro m  spec im en s by ce n tr ifu g a tio n  h a s  not p rev io u s ly  been  
re p o rte d  and in d ica te s  th a t v iru s  i s  p robab ly  a ttached  to  c e l ls ,  c e ll d e b ris  
o r  o th e r p a r tic u la te  m a tte r .
BH c e lls  grow n in  c a l f  s e ru m  lo se  som e o f th e ir  se n s itiv ity  to  RS v iru s  
(T y rre ll, 1963). T h is  m igh t b e  due to  th e  RS v iru s  in h ib ito rs  in  c a lf  
se ru m  re p o r te d  by T ay lo r-R o b in so n  and D oggett (1963) and a lso  found in  
th is  study. A He La c e ll lin e  grow n in  hum an se ru m  containing po lio v iru s  
in h ib ito rs  w as co n sid e rab ly  l e s s  se n s itiv e  to  p o lio v iru ses  than the  sam e 
ce ll lin e  a f t e r  grow th  in  o th e r  s e r a  (T om linson e t a l. 1964). The 
sen s itiv ity  o f th e  c e l ls  grow n in  hum an s e ru m  could b e  p a r tly  re s to re d
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by m ild  tre a tm e n t w ith try p s in  bu t not by w ashing the  ce ll m onolayer 
b e fo re  in fec tio n . L o ss  o f  sen s itiv ity  by BH c e lls  grow n in  ra b b it 
se ru m  h a s  not p rev io u sly  been  re p o rte d . Since ra b b it se ru m  does not 
ap p ea r to contain  RS v iru s  in h ib ito rs  i t  i s  un likely  to  have low ered  the  
sen s itiv ity  o f  BH c e lls . C ontam ination by m ycop lasm as does not ap p ea r 
to b e  re le v a n t s in ce  the  phenom enon o c c u rre d  in  c e lls  f r o m  which 
m y cop lasm as w ere  iso la ted  and in  c e lls  f r o m  w hich they w ere  not.
Chance con tam ination  by o th e r in fe c tio u s  agen ts  i s  unlikely  to b e  re sp o n ­
sib le  s in ce  th e  phenom enon w as rep ea tab le . P a re n ta l and clonal s tra in s  
o f H eLa c e lls  have been  shown to v a ry  in  th e ir  sen s itiv ity  to  poH ovirus 
(D arnell and Saw yer, 1959). H ence, overg row th  o f the BH c e ll s tr a in  
by a clone o f c e lls  r e s is ta n t  to  RS v iru s  m ay explain  th e  lo s s  o f  s e n s i­
tivity o f  BH c e lls  to  th is  v iru s .
The BH c e lls  w e re  co n sis ten tly  m o re  sen s itiv e  f o r  RS v iru s  iso la tio n  
than RMK, HEKF o r  W I-38 c e lls . T h is  f in d in g  a p p e a rs  to co n flic t 
w ith th a t o f  W u lff , Kidd and W enner (1964b) who iso la ted  RS v iru s  m o re  
fre q u e n tly  in  RMK than  in  HEp-2 c e lls  and th a t o f  A nderson  and B eem  
(1966) who found W I-38 c e lls  a s  se n s itiv e  a s  HEp-2 c e lls . O ther 
w o rk e rs  (Holzel e t a l. 1965a) who have com pared  BH c e lls  w ith RMK, 
iso la ted  RS v iru s  m o re  o f te n  in  BH than  in  RMK. It i s  p o ssib le  th a t 
the HEp-2 c e lls  u sed  in  the A m erican  s tu d ie s  w e re  le s s  sen s itiv e  than  
BH c e lls . T h e re  m ay a lso  be  d i f f e r e n c e s  betw een v iru s  s tr a in s  which 
a r e  r e f le c te d  in  the  c e l ls  in  w hich they  m ay b e  iso la ted . In th is  context
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it  i s  in te re s tin g  th a t one o f the s tra in s  iso la ted  in  RMK by W u lff and 
co lleagues (1964b) d i f f e r s  an tigen ica lly  f ro m  the  p ro to type Long s tra in  
(W ulff, Kidd and W enner 1964a).
Unheated ra b b it se ru m  in c re a s e s  the  ru b e lla  n eu tra liz in g  antibody t i t r e  
o f hum an s e ra  (Neva and W elle r, 1964; P lo tk in , 1964; P a rk m an , Mundon, 
McCown and B u e sc h e r, 1964). U nheated se ru m  h a s  a s im ila r  e f f e c t  on 
h e rp es  sim plex  n eu tra liz in g  antibody (Yoshino and T aniguch i, 1964). The 
find ing  tha t unheated  ra b b it  se ru m  in c re a s e s  the  t i t r e  o f  RS v iru s  n eu tra liz in g  
antibody h a s  not p rev io u s ly  been  re p o rte d . The in c re a s e  o f h e rp e s  
sim plex n e u tra lis in g  antibody t i t r e s  by unheated se ru m  a p p e a rs  to b e  due 
to com plem ent and i s  m o st m ark ed  in  s e ra  f ro m  re c e n tly  in fe c te d  
patien ts (Yoshino and T aniguch i, 1964, 1966). Although I did not study 
the e f f e c t  o f  unheated ra b b it se ru m  on RS n eu tra liz in g  an tibod ies in  
de ta il, i t  i s  p robab le  th a t i t s  m ode o f  ac tio n  i s  s im ila r . Yoshino and 
Taniguchi (1966) found  th a t guinea p ig s  im m unized  w ith h e rp e s  sim plex  
v iru s  produced  d e tec tab le  c o m p lem e n t-req u irin g  n eu tra liz in g  an tibod ies 
a f te r  7 days. N on-com plem ent re q u ir in g  n eu tra liz in g  an tibod ies w ere  
not detected  un til 28 days a f t e r  im m unization  w as s ta r te d ,  when the  
co m p lem en t-req u irin g  n e u tra liz in g  antibody t i t r e s  w ere  320. C om parab le  
re s u lts  f o r  the im m unization  o f guinea p ig s w ith RS v iru s  a r e  not 
availab le bu t the  fo llow ing  r e s u l t s  suggest th a t the fo rm a tio n  o f  RS 
antibody m ay b e  s im ila r :  s e ra  f r o m  guinea p ig s w hich had been
im m unized f o r  l e s s  than  4 w eeks showed high  hom ologous antibody t i t r e s
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only in  the  p re se n c e  o f  unheated se ru m  (Table 6.13); th e re fo re ,  high 
le v e ls  o f  co m p lem en t-req u irin g  antibody w ere  p re se n t bu t l i t t le  o r  no
n o n -co m p lem en t-req u irin g  antibody. S era  f ro m  guinea p ig s w hich had been
im m unized f o r  7 w eeks showed high hom ologous antibody t i t r e s  both  in
the p re se n c e  and in  the absen ce  o f  unheated se ru m  (Table 6.10); th e re fo re
high le v e ls  o f  n o n -co m p lem e n t-req u irin g  antibody w ere  p re se n t. T h is
e f f e c t  i s  m o re  s tr ik in g  w ith R andall s tr a in  than w ith 329-63 s tra in .
In ra b b its  im m unized  w ith a high dose  o f p o lio v iru s , IgM  im m unoglobulins 
appeared  f i r s t  and w ere  l a te r  rep la c e d  by IgG im m unoglobulins (Svehag 
and M andel, 1962). It i s  p o ssib le  tha t w ith h e rp e s  sim plex  and RS v iru s  
the co m p lem en t-req u irin g  an tibod ies a r e  IgM and the  non-com plem ent -  
req u irin g  an tibod ies a r e  IgG. T h is  i s  p robab ly  an  o v e r-s im p lif ic a tio n  o f 
the s itua tion  f o r  i t  i s  c le a r  th a t not a ll v iru s e s  induce the  production  o f 
co m p lem en t-req u irin g  n eu tra liz in g  antibody. F o r  exam ple , unheated 
rab b it se ru m  did not a f f e c t  rh in o v iru s  n eu tra liz in g  antibody t i t r e s .
U nheated se ru m  w as v a lu ab le  in  studying c e r ta in  a sp e c ts  o f  the 
epidem iology o f  RS v iru s .  M aterna l antibody and s ig n if ic a n t antibody 
ti tr e  r i s e s  in  young ch ild ren  could o f te n  b e  de tec ted  only i f  unheated 
rab b it se ru m  w as p re s e n t  in  the  s e ru m -v iru s  m ix tu re s . U nheated se ru m  
was a lso  va luab le  d u ring  an  in v estig a tio n  o f  an tigen ic  v a ria tio n  am ong RS 
v iru s  s tra in s .  The m o s t s t r a in - s p e c if ic  a n t is e ra  o f te n  had l i t t le  o r  no 
antibody i f  t i t r a te d  w ithout unheated  s e ru m  bu t had high t i t r e s  (— 512) in  
the p re se n c e  o f  unheated  se ru m .
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A ntigenic d if f e re n c e s  betw een s tra in s  o f  RS v iru s  have been  re p o rte d  
(C oates, K endrick  and Chanock, 1963; W u lff e t a l. 1964a, D oggett and 
T ay lo r-R o b in so n , 1965; Suto e t a l. 1965; C o a tes , A iling and Chanock, 1966) 
but s in ce  th e re  h a s  been  l i t t le  co m p ariso n  o f  s tra in s  betw een th e se  w o rk e rs  
i t  is  not p o ssib le  to say  how m any d if f e r e n t  s tra in s  th e re  m ay b e . H ow ever, 
i t  h a s  n e v e r p rev io u s ly  been  p o ssib le  to  d em o n stra te  an tigen ic  d if f e re n c e s  
using  hum an s e ra .  My find ing  w ith the  329-63 s tra in  and s e r a  co llected  
f ro m  ch ild ren  d u ring  th e  1962-63 w in te r (Table 6.5) i s  th e re fo re  su rp r is in g . 
I w as not ab le  to d em o n stra te  such a  d if f e re n c e  w ith s e ra  f r o m  subsequent 
y e a rs  (Table 6.9) and i t  i s  p o ssib le  th a t the  o rig in a l o b se rv a tio n s  w e re  the 
re s u l t  o f  d i f f e r e n c e s  in  the  an tig en /in fec tiv ity  ra t io  o f the  v iru s  pools 
u sed , although th e ir  p re p a ra tio n  w as s im ila r .
M ost w ork  on th e  an tigen ic  v a r ia tio n  o f RS v iru s  h a s  been  done using  
f e r r e t  s e r a  (Doggett and T ay lo r-R o b in so n , 1965; C oates e t a l. 1966) bu t 
ra b b it and guinea pig  s e ra  have a lso  been  u sed  and ap p ea r to  be  m o re  
s tra in  sp e c if ic  (C oates and C hanock, 1962). The guinea p ig  s e ra  I in itia lly  
p re p a re d  a g a in s t the  R andall and 329-63 s tra in s  showed a one-w ay c r o s s ­
re a c tio n  (Table 6.10), bu t som e o f th e  s e ra  p re p a re d  by only two in t r a ­
m u scu la r  in jec tio n s  showed a  re c ip ro c a l an tigen ic  d if f e re n c e  (Table 6.13). 
T h is  d isc rep a n cy  could be  explained by the  m ethod o f  p re p a ra tio n  o f  the  
s e ra .  The s e ra  R andall A  and 329-63 /2  w ere  p re p a re d  by giving guinea 
p igs an  in tra n a sa l inocu la tion  fo llow ed  by  two in tra m u sc u la r  in jec tio n s .
It i s  p o ss ib le  th a t in tra n a sa l inocu lation  fa i le d  to  in fe c t  the  p ig  y ie ld ing
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RandaU A  se ru m  (H am bling, 1966) hence i t s  antibody re sp o n se  w as ag a in st 
the  two in tra m u sc u la r  in jec tio n s  only and th e re fo re  m o re  sp e c if ic .
The r e s u l t s  o f c ro s s -n e u tra l iz a t io n  te s ts  w ith R andall and 329-63 
s tra in s  ind icated  re c ip ro c a l an tigen ic  d if f e re n c e s  w hich could not be 
explained by  d if f e re n c e s  in  av id ity  f o r  antibody. Seven o th e r s tra in s  w ere  
n eu tra lized  by R andall and 329-63 a n tis e ra . One o f th e se  (143-65) appeared  
to be  c lo se ly  re la te d  to  329-63. T h re e  s tr a in s  w ere  p oo rly  n eu tra liz ed  by 
both 329-63 and R andall a n t is e ra  and th re e  o th e r s tr a in s  (including CH 18537) 
w ere  s tro n g ly  n eu tra liz ed . The n eu tra liz a tio n  o f CH 18537 by R andall 
a n tis e ra  is  su rp r is in g  s in ce  hyperim m une ra b b it se ru m  a g a in s t the  lo n g  
s tra in  had l i t t le  o r  no n eu tra liz in g  ac tiv ity  a g a in s t CH 18537 (C oates e t a l .
f  >
1963) and the  Long and R andall s tra in s  have been  shown to  be  an tigen ica lly  
s im ila r  (B ennett and H am re , 1962; D oggett and T ay lo r-R ob inson  1965).
T h is d isc rep a n cy  m ight b e  due to  th e  d i f f e r e n t  sp ec ie s  o f an im a ls  used . 
D if fe re n c e s  betw een  p o o rly -n e u tra liz e d  and w e ll-n e u tra liz e d  s tra in s  a r e  
not due to  t is s u e  cu ltu re  p a ssag e  h is to ry  s in ce  s tra in s  w hich had been  
passaged  s im ila r ly  f e l l  into both  g roups. D if fe re n c e s  in  av id ity  f o r  
antibody could b e  re sp o n s ib le  bu t an tigen ic  v a r ia tio n  seem s th e  m o st lik e ly  
explanation s in ce  th e  r e s u l t s  a r e  s im ila r  to  those  o f C oates and co lleagues 
(1966). They te s te d  12 s t r a in s  iso la ted  d u ring  one y e a r  ag a in s t Long and 
CH 18537 a n t i- s e r a :  nine s tr a in s  w e re  n e u tra liz ed  by Long bu t not by
CH 18537, two w e re  n e u tra liz ed  by both  s e r a ,  one w as n eu tra liz ed  only 
by th e  CH 18537 se ru m . O f th e  f iv e  1965 s tra in s  I te s te d , one w as s im ila r
i
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to  329-63, two w ere  n eu tra liz ed  by both 329-63 and R andall s e ra  and two 
w ere  only poorly  n eu tra liz ed  by th e  two s e ra .  T h u s, i t  seem s th a t 
d i f f e r e n t  an tigen ic  types  c irc u la te  a t the  sam e tim e  and th a t new 
*antigenic subtypes* do not re p la c e  p rev io u s ones.
A lthough s tr a in s  can  b e  d istingu ished  in  n e u tra liz a tio n  te s t s  they  a re  
a ll  quite c lo se ly  r d a te d  and RS v iru s  h a s  been  com pared  to  th e  A , o r  A2 
fa m ilie s  o f  in flu en za  A v iru s  in  th e  m agnitude o f i t s  an tigen ic  h e te ro -  
genicity  (C oates e t a l. 1966). A vailab le  ev idence does not suggest th a t 
an tigen ic v a r ia tio n  o f RS v iru s  is  im p o rtan t in  hum an d ise a se . Although 
re in fe c tio n  o f  ch ild ren  and ad u lts  w ith RS v iru s  o c c u rs  d esp ite  the 
p re se n c e  o f  c irc u la tin g  antibody (Kapikian e t a l. 1961a; Johnson e t a l. 
1962c) th e  s tr a in s  iso la ted  f ro m  th e  sam e indiv idual du ring  d if f e r e n t  
ep isodes a r e  an tigen ica lly  in d istingu ishab le  (B eem , 1965). T h u s, th e re  
is  l i t t le  se lec tiv e  p r e s s u re  f o r  new se ro ty p e s  to  em erg e  and the  ro le  
o f an tigen ic  v a r ia tio n  am ong RS s tr a in s  re m a in s  o b scu re .
PA RT II
THE EPIDEMIOLOGY OF HUMAN RESPIRATORY 
VIRUSES ISOLATED IN GLASGOW, 1962 -  1966.
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CHAPTER 8 
REVIEW OF THE LITERATURE
The l i te r a tu r e  on the  epidem iology o f hum an re s p ir a to ry  v iru s e s  is  now 
v ast and th e  ob ject o f th is  rev iew  is  to  su m m a rize  b r ie f ly  the  ep idem iological 
c h a ra c te r is t ic s  o f the  m o st im p o rtan t v ir a l  ag en ts. The v iru s e s  o r  v iru s  groups 
to be consid ered  a r e  in flu en za  v i ru s e s ,  a d e n o v iru se s , e n te ro v iru se s , r e o v iru s e s ,  
para in flu en za  v i ru s e s ,  r e s p ir a to ry  syncy tia l v iru s  and rh in o v iru se s . The 
h is to ry  o f th e ir  iso la tio n , th e ir  geog raph ica l and age d is tr ib u tio n s , th e ir  behav iour 
in d if f e re n t  population g ro u p s , th e ir  a sso c ia tio n  w ith d ise a se  and th e ir  seaso n a l 
occu rrence  w ill be outlined. W here a p p ro p r ia te , th e re  a r e  com m ents on the  
re la tiv e  im p o rtan ce  o r  sp ec ia l c h a ra c te r is t ic s  o f  p a r t ic u la r  se ro ty p e s  w ithin 
a group.
In flu en za  V iru se s
E arly  in fo rm a tio n  about the  p rev a len ce  o f  in flu en za  in  England and W ales 
may be obtained f ro m  th e  R e g is tra r -G e n e ra l!s  f ig u re s  f o r  dea th s f ro m  
influenza. In  the  seven teen th  and eighteenth  c e n tu r ie s  th e re  w ere  m any 
epidem ics o f th is  d is e a se  b u t in  1850 the  d is e a s e  v ir tu a lly  d isap p ea red  un til 
the pandem ic o f  1890 and th e r e a f te r  the  death  r a te s  p e r  m illion  o f the  
population rem a in ed  a t  a h ig h e r le v e l than  e v e r  b e fo re .  The h ig h est m o rta lity  
of the p a s t hundred  y e a r s  o c c u rre d  du rin g  th e  1918 pandem ic and s in ce  then  
y ea rs  w ith m a jo r  ep id em ics  have a lte rn a te d  w ith  y e a rs  o f  m in o r p rev a len ce
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(Stuart-H arris, 1965).
In 1932 the  f i r s t  in flu en za  v i ru s ,  la te r  ca lled  the W.S. s tra in  o f in flu en za  
A v iru s ,  w as re c o v e re d  (Sm ith, A ndrew es and Laidlaw  1933) and un til 1946 a ll 
in fluenza A v iru s e s  re c o v e re d  re se m b le d  W.S. o r  the re la te d  P R  8 s tra in  
reco v e red  in  A m erica  in  1934 (F ra n c is , 1934). In 1946 a  se ro lo g ica lly  d is tin c t 
A v iru s  o f  th e  A l fa m ily , the CAM v iru s ,  w as re c o v e re d  in  A u stra lia  
(A nderson and B u rn e t, 1947; A n derson , 1947) and s im ila r  v iru s e s  caused  ou t­
b reak s  in  B r ita in  and the  U.S.A. in  1947. V iru se s  o f the  A l fa m ily  w ere  
th e re a f te r  re c o v e re d  f ro m  ou tb reak s  a l l  o v e r the  w orld  (M ulder, B ra u s  and 
M asurel, 1956) un til 1957. S tra in s  o f a th ird  d is tin c t fa m ily  o f in flu en za  A 
v iru s e s , the A2 fa m ily , w ere  f i r s t  iso la ted  in  F e b ru a ry , 1957 in  S ou th -east 
China (Tang and L iang , 1957). W ithin a y e a r  A2 v iru s e s  sp read  a s  a pandem ic 
and w ere  iso la ted  f r o m  w idely s c a tte re d  a r e a s  o f the  w orld  (Payne, 1958).
In 1940, an  in flu en za  v iru s  w ith no se ro lo g ica l overlap  w ith  any e a r l ie r  
v iru s  w as d isco v ered  independently  by F ra n c is  (1940) and M agill (1940) and 
named in flu en za  B. T h is  v iru s  re se m b le d  in flu en za  A ep idem io log ica lly  bu t 
outbreaks o f  in flu en za  B w ere  u su a lly  lo ca lized  and seldom  involved an  e n tire  
country , in  add ition  i t s  an tigen ic  v a r ia tio n  seem ed  to  b e  l e s s  than  th a t o f 
in fluenza A.
In 1947 a  th ird  ty p e , in flu en za  C , w as re c o v e re d  by  T ay lo r (1949, 1951) and 
has since  b een  iso la ted  f r o m  a  few  c a s e s  w ith  r e s p ir a to ry  d is e a s e  and r a r e  
outbreaks in  iso la ted  com m unities  (F ra n c is ,  Q uilligan and M inuse, 1950;
102
G erb er, W oolridge, Seal and Z ie g ra , 1952). In B r ita in , th is  v iru s  h a s  
occasionally  been  iso la ted  f ro m  c a se s  o f in flu en za  o r  com m on cold (Andrews 
and M cDonald, 1955) and r is in g  antibody t i t r e s  have been  de tec ted  during  m ild  
r e s p ira to ry  d ise a se  and during  pneum onia (G ris t, 1955). A ntibodies a r e  
acqu ired  du ring  childhood and a r e  found in  a high p ro p o rtio n  o f  ad u lts  in  
B rita in  and U.S.A. suggesting  th a t th e  v iru s  is  w id esp read , although few  is o la ­
tions a r e  m ade and l i t t le  i s  known about i t s  epidem iology.
The epidem iology o f in flu en za  A and B v iru s e s  is  com plex la rg e ly  b ecau se  
of th e ir  ab ility  to  v a ry  an tigen ica lly . Since in flu en za  is  a f a i r ly  w ell d e fin ed  
c lin ica l d is e a se  m uch know ledge o f the  epidem iology o f in flu en za  h a s  been  
based on m ain ly  c lin ica l ev idence. However th e  epidem iology o f  the  d ise a se  
may not alw ays a c c u ra te ly  r e f l e c t  the  epidem iology o f  the  v iru s  s in ce  in fe c tio n  
with in flu en za  v iru s e s  can  cau se  m ild  re s p ir a to ry  sym ptom s o r  even none a t 
all. Sporadic in fe c tio n s  w ith  in flu en za  v iru s e s  do o ccu r b u t m o st in fe c tio n s  
a re  reco g n ised  during  ep id em ics. The n a tu re  o f  each  ep idem ic v a r ie s  acco rd in g  
to the an tigen ic  com position  o f the  cau sa tiv e  agen t and th e  p rev io u s  ex p erience  
of the population to  it .
The geog raph ica l d is tr ib u tio n  o f  in flu en za  v iru s e s  i s  w orldw ide a s  the  
influenza A2 pandem ic il lu s tra te d . A ntibodies again  in flu en za  A2 and B v iru s e s  
w ere found in  m o s t o f  the  s e ra  co llec ted  betw een 1958 and 1962 f ro m  16 
widely s c a tte re d  co u n trie s  and th re e  d is tin c t iso la ted  com m unities (T ay lo r- 
Robinson, 1965; B row n and T ay lo r-R o b in so n , 1966).
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In a  p r im a ry  ep idem ic o f a  fnew ' v iru s  v a r ia n t the h ig h est inc idence o f 
d isease  i s  u su a lly  in  th e  5 - 1 4  y e a r  age group. T h e re  i s  a  decline  to  about 
25 y e a rs  o f age fo llow ed  by  a  r i s e  du ring  25 -  34 y e a r  old p e rio d . A f te r  40 
y ea rs  th e re  i s  alw ays d e c re a se d  inc idence w hich tends to  s e ttle  around 10 -  15 
per cen t o f the population a t  r is k .  In c o n tra s t ,  the  age d is tr ib u tio n  o f la te r  
episodes a sso c ia te d  w ith e sse n tia lly  the  sam e v iru s  m ay d i f f e r  in  th a t 
dom inance o f d is e a s e  am ong th e  younger age g roups d isa p p e a rs  and inc idence 
is  m ore  g en e ra lly  d is tr ib u te d  (F ry , 1958, 1959 and 1961; F ra n c is  and M aasab , 
1965). In two B r it is h  su rv ey s  th e  iso la tio n  r a te  o f in flu en za  v iru s e s  f r o m  
re sp ira to ry  i l ln e s s e s  w as the  sam e (2 -  3%) in  ch ild ren  aged 5 - 1 5  y e a rs  a s  in 
adu lts , bu t l e s s  (1 -  2%) in  ch ild ren  u n d er 5 y e a rs -o ld  (MRC, 1965b; H iggins, 
E llis and B oston , 1966).
No population group a p p e a rs  to  b e  p a r tic u la r ly  su scep tib le  o r  r e s is ta n t  to  
in fluenza v iru s e s .  S urveys o f re s p ir a to ry  d is e a s e  in d ica te  th a t th e se  v iru s e s  
may b e  iso la ted  f r o m  1 -  3% o f  i l ln e s s e s  in  ch ild ren  o r  ad u lts  a t hom e (MRC, 
1965b; H iggins e t a l. 1966), ch ild ren  in  h o sp ita l (Chanock and P a r r o t t ,  1965a; 
Holzel e t a !.1965a) o r  u n iv e rs ity  studen ts  (H am re, Connolly and P rocknow , 1966). 
Serological ev idence o f  in flu en za  v iru s  in fe c tio n  h a s  been  found in  3 -  4% o f 
re sp ira to ry  il ln e s s e s  in  in d u s tr ia l w o rk e rs  (H illem an e t a l .1962; G w altney, 
Hendley, Simon and Jo rdan , 1966), 11% o f i l ln e s s e s  in  u n iv e rs ity  studen ts  
(Gwaltney and Jo rdan , 1966) and 2% o f  i l ln e s s e s  o f  c h ild ren  in  h o sp ita l (Chanock 
and P a r r o t t ,  1965a). M cDonald, M ailer, Z uckerm an  and P e r e i r a  (1962) obtained
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se ro lo g ica l evidence tha t du ring  two w in te rs  26% o f re s p ir a to ry  il ln e s s e s  
in  m ilita ry  p e rso n n e l w ere  due to in flu en za  v iru s e s .
T h e re  is  no doubt th a t in flu en za  v iru s e s  cause  re s p ir a to ry  d isease . 
H ow ever, se ro lo g ica l evidence o f in flu en za  A o r  B v iru s  in fe c tio n  m ay be 
found a s  o fte n  in  people w ithout r e s p ir a to ry  i l ln e s s  a s  in  those  w ith such 
il ln e s s  (H illem an e t a l. 1962; Gwaltney e t a l. 1966). In fluenza  v iru s e s  m ay 
a lso  b e  iso la ted  f ro m  ch ild ren  w ithout re s p ir a to ry  sym ptom s (Chanock and 
P a r r o t t ,  1965a). The d is e a s e s  a sso c ia te d  w ith in flu en za  A o r  B v iru s  in ­
fe c tio n s  v a ry  f r o m  a m ild  com m on cold to  pneum onia (P a r ro tt ,  K im , V argosko 
and C hanock, 1962a; E v an s, D ick and N ystuen, 1963). In fo rm atio n  about 
the re la tiv e  fre q u e n c y  o f  d i f f e r e n t  i l ln e s s e s  caused  by  in flu en za  v iru s e s  is  
lim ite d , p a r tly  b eca u se  m any in fe c tio n s , p a rticu la rly ^ in te rep id em ic  
p e rio d s  a r e  not reco g n ised  c lin ica lly  (H ayslett e t a l. 1962). M ost o f  the 
in flu en za  in fe c tio n s  de tec ted  in  a re c e n t B r it is h  su rv ey  (MRC, 1965b) w ere  
a sso c ia ted  w ith a c lin ica l d iagnosis  o f  in flu en za  but a q u a r te r  w ere  a sso c ia ted  
w ith colds. In c h ild ren  in  h o sp ita l in flu en za  v iru s e s  have been  iso la ted  f ro m  
betw een 0.8% and 2.4% o f  ch ild ren  w ith u pper re s p ir a to ry  in fe c tio n s  and about 
1% o f those  w ith lo w er r e s p ir a to ry  i l ln e s s e s ;  se ro lo g ica l ev idence o f in ­
f lu en za  in fe c tio n  w as m o st o f te n  found in  ch ild ren  w ith croup (Chanock and 
P a r ro t t ,  1965a; H olzel e t a l. 1965a). S ev ere , o f te n  f a ta l ,  pneum onia 
a sso c ia ted  w ith staphy lococcal in fe c tio n  m ay o ccu r du ring  in flu en za  ep idem ics 
(S tu a r t-H a rr is , 1965). In fluenza  v iru s e s  m ay a lso  cau se  se v e re  i l ln e s s  in
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p a tien ts  w ith ch ron ic  b ro n c h itis  (S tu a r t-H a rr is  and H anley, 1957). B etw een 
5% and 10% o f ex acerb a tio n s  o f  ch ron ic  b ro n c h itis  have been  a sso c ia te d  with 
in flu en za  in fe c tio n s  (S tark , H eath and C urw en, 1965; R osa e t a l. 1966).
F ry  (1961) found ch e s t com plica tions o c c u rre d  in  20%, 12%, 10%, 3%, 10% and 
14% o f c lin ica l c a s e s  o f  in flu en za  in  s ix  su c c e ss iv e  ep idem ics in  h is  p ra c tic e ; 
only a few  o f  th e se  c a s e s  had p rev io u s  h is to ry  o f ch ron ic  b ro n ch itis .
S easonally , in flu en za  ep idem ics o ccu r in  c lo se ly  d efin ed  p e r io d s , u sually  
in  the e a r ly  m onths o f  the y e a r  in  B rita in . V iru s  iso la tio n s  f ro m  spo rad ic  
c a se s  a r e  a lso  u su a lly  m ade a t  th is  tim e  (C larke e t a l. 1964; MRC, 1965b; 
H iggins e t a l. 1966). In fluenza  v iru s e s  m ay cau se  high m orb id ity  and 
ap p rec iab le  m o rta lity  du ring  ep id em ics , bu t o v e r a num ber o f  y e a rs  th e ir  
con tribu tion  to re s p ir a to ry  d is e a se  i s  co m p ara tiv e ly  sm all.
A denov iruses
D esp ite  e a r ly  su c c e ss  in  e s tab lish in g  the  cau se  o f  m a jo r  o u tb reaks  o f 
in f lu e n z a , a s  re c e n tly  a s  1953, S tu a r t-H a rr is  pointed out tha t the cau ses  o f  
the  m a jo rity  o f  hum an re s p ir a to ry  il ln e s s e s  rem a in ed  unknown. In th e  sam e 
y e a r ,  1953, the f i r s t  ad en o v iru se s  w e re  iso la ted  f ro m  hum an adenoids (Rowe 
e t a l. 1953) and in  the  fo llow ing  y e a r  H illem an  and W ern e r (1954) re p o rte d  the  
iso la tio n  o f  th re e  ad en o v iru se s  f r o m  th ro a t sw abs o f  A m erican  so ld ie rs  
s u f fe r in g  f r o m  acu te  r e s p ir a to ry  d is e a s e s  and suggested  they  m ight be 
re sp o n s ib le  f o r  som e o u tb reak s  o f  acu te  re s p ir a to ry  d ise a se . H ow ever, by
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1958 H uebner, Rowe and Chanock had shown th a t 13 adenov irus types could 
account f o r  no m o re  than 5% o f the to ta l p ro b lem  and d esp ite  the  in c re a se  
o f hum an adenov iru s serotypes to  31 (P e re ir a ,  P e r e i r a  and C la rk e , 1965) 
th e re  is  no ev idence th a t the group co n trib u tes  to  m o re  than a sm a ll f ra c t io n  
o f re s p ir a to ry  i l ln e s s  in  the g en e ra l population.
T he geog raph ica l d is tr ib u tio n  o f ad enov iru s in fe c tio n s  i s  p robab ly  
w orld -w ide , although m o st data  have so f a r  com e f ro m  stu d ie s  in  N orth 
A m erica  and Europe.
S ero log ica l s tu d ie s  o f the g en e ra l population suggest tha t the in itia l 
adenov irus in fe c tio n s  w hich o ccu r e a r ly  in  l i f e  a r e  m o st fre q u e n tly  due 
to types  1 and 2 and le s s  o f te n  to types 3, 5 and 7 (Jordan, B adger and 
Dingle 1958). A study in  H olland in d ica te s  th a t by the age o f 5 y e a rs  
p ra c tic a lly  a ll ch ild ren  have been  in fe c te d  w ith a t  le a s t  one type o f 
adenovirus and about 50% o f  them  w ith a t le a s t  fo u r  types (van d e r  V een,
1963). In a c iv ilian  population 7% o f  c h ild ren  and 2% o f adu lts  showed s e r o ­
log ica l ev idence o f  in fe c tio n  during  a w in te r seaso n  (Jordan, 1958). Aijpa> a p p e a rs  
to a f f e c t  the type o f  i l ln e s s  w hich o c c u rs  in  adeno v iru s  in fe c te d  ind iv iduals.
In c iv ilian  popula tions ad en o v ira l pneum onia h a s  been  observed  m ain ly  in  
ch ild ren  u n d er 4 y e a r s  o f  age (Chany e t a l. 1958; P a rk e r ,  W ilt and Stakiw,
1961; C la rk e  e t a l. 1964). In Chany1 s study how ever overcrow ding , re ta rd e d  
developm ent and m a ln u tritio n  w e re  a lso  thought to  have con tribu ted  to  the 
sev e rity  o f  the il ln e s s .  Pharynogoconjunctival f e v e r  se e m s  to b e  m o st 
com m only found in  school ch ild ren  (Kendall e t a l. 1957; Fukum i e t a l. 1958;
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van d e r  V een and van  d e r  P lo eg , 1958^ A m ongst ad u lts  in  the  g en era l 
population adenov irus in fe c tio n  seem s to  be  in fre q u e n t bu t sp o rad ic  c a s e s  
with u p p er r e s p ir a to ry  i l ln e s s  do o ccu r (Higgins e t a l . 1966).
The fre q u e n c y  o f ad enov iru s in fe c tio n s  h a s  been  studied  in  s e v e ra l 
population g roups including fa m ilie s  liv ing  a t  hom e, h o sp ita l ou tpatien t and 
in -patien t g roups and m ilita ry  r e c ru i ts .  In fa m ily  s tu d ie s  adenov iru s in ­
fe c tio n s  have been  found  in  about 2 -  3% o f  c h ild ren  w ith re s p ir a to ry  il ln e s s  
(Jordan e t a l. 1956a; K endall, Cook and S tone, 1960) and le s s  th an  1% o f adu lts  
(H illem an e t a l . 1962; R obinson e t a l. 1962). A denov iru ses w ere  iso la ted  
f ro m  1% o f a l l  the  r e s p ir a to ry  spec im en s co llec ted  du ring  fo u r  y e a rs  o f 
continuous fo r tn ig h tly  su rv e illan ce  o f  New Y ork f a m il ie s  (Spigland e t a l. 1966); 
30% o f the  ad enov iru s in fe c tio n s  de tec ted  in  the su rv ey  w ere  a sso c ia te d  w ith 
re s p ira to ry  i l ln e s s  (E lveback e t a l. 1966). In ou tpa tien t g roups w ith r e s p i r a ­
to ry  i l ln e s s  th e  ad enov iru s in fe c tio n  r a te s  ap p e a r to  b e  s lig h tly  h ig h e r, 5% 
f o r  ch ild ren  (H illem an e t a l. 1962) and 2% f o r  ad u lts  (H am re e t a l. 1961). A 
study o f  in fa n ts  a ttend ing  a  w ell-baby  c lin ic  (M off e t and C ra m b le tt, 1962) 
rev ea led  aden o v iru s  in fe c tio n  in  33 o f 524 v is i t s ;  42% o f  th e se  in fe c tio n s  
w ere  a sso c ia te d  w ith  r e s p ir a to ry  i l ln e s s . A d enov iru ses w e re  iso la ted  f r o m  
in fa n ts  aged 1 - 6  m onths te n  t im e s  m o re  o f te n  than  f r o m  new born in fa n ts ,  
ch ild ren  aged 5 - 1 8  y e a rs  o r  th e ir  m o th e rs  aged 1 5 - 3 8  y e a rs .  E s tim a te s  
of adenov iru s in fe c tio n  r a te s  in  r e s p ir a to ry  i l ln e s s  in  h o sp ita ls  v a ry  f r o m  
4 - 2 5 %  f o r  ch ild ren  and 1 - 4 %  f o r  ad u lts  (van d e r  V een, 1963), although in
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one su rv ey  o f  se lec ted  h o sp ita l p a tien ts  (nearly  a ll adult) 18% had evidence 
o f adenov irus in fe c tio n  (Jordan e t a l. 1956a). Two re c e n t r e p o r ts  o f 
s tu d ies  o f  la rg e  num bersof ch ild ren  in  h o sp ita l o v e r se v e ra l y e a rs  re v e a l 
ad enov iru s iso la tio n  r a te s  o f  8.5% and 4% f ro m  p a tien ts  w ith re s p ira to ry  
i l ln e s s  and 3.9% and 1.2% f ro m  p a tien ts  w ith no re s p ir a to ry  i l ln e s s  (Chanock 
and P a r r o t t ,  1965a; H olzel e t a l. 1965a). The h ig h est in fec tio n  r a te s  o f 
ad en o v iru se s , 30 -  50% have been  found in  m ili ta ry  r e c r u i ts  w ith acu te  
r e s p ir a to ry  il ln e s s  (van d e r  V een, 1963). A m o re  re c e n t re p o r t  (Bloom 
e t a l. 1964) show s th a t du ring  a p a r t ic u la r  4-m onth  perio d  adenov irus
in fe c tio n  r a te  in  m en w ith re s p ir a to ry  d ise a se  w as 68% bu t during  the  sam e
/
period  33% o f  m en w ithout re s p ir a to ry  d is e a se  a lso  had evidence o f 
in fec tio n .
It i s  o f te n  d i f f ic u l t  to p rove  th a t adenov iru s in fe c tio n s  cau se  c lin ica l 
sym ptom s b eca u se  ad en o v iru se s  a r e  found in  ap p aren tly  n o rm al to n s ils  and 
adenoids and m ay be  shed in te rm itte n tly  f o r  long p e rio d s  a f t e r  in fe c tio n , 
p a r tic u la r ly  by c h ild re n , and esp ec ia lly  types 1, 2 and 5. H ow ever, a 
su rv ey  in  an  A m erican  o rphanage d em o n stra ted  a cau sa l re la tio n sh ip  betw een 
il ln e s s  and in fe c tio n  by ty p es  1, 3 and 5; in fe c tio n  by  type 2 did not show 
such a re la tio n sh ip . The sam e su rv ey  suggested  th a t a child  is  v e ry  
lik e ly  to  becom e i l l  w hen f i r s t  in fe c te d  w ith types 1, 3 and 5 b u t, upon r e ­
in fe c tio n  (or la te n t shedding) i s  m uch le s s  lik e ly  to  have an  il ln e s s  (B ell,
Rowe and R osen , 1962). P h a ry n g itis  and pharyngoconjunctival f e v e r  a sso c ia te d  
w ith ad en o v iru s  in fe c tio n  o ccu r sp o rad ica lly  in  both  c iv ilian  and m ilita ry
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populations bu t ep idem ics due to  type 3 and le s s  o fte n  type 7 a r e  found in  
ch ild ren . E p idem ics o f  acu te  r e s p ir a to ry  d is e a se  in  m ilita ry  r e c ru i ts  
have been  a sso c ia te d  w ith types4, 7 and , m o re  re c e n tly , 21 (Bloom e t a l.
1964; van  d e r  V een and D ijkm an, 1962). In th e se  ep idem ics 20 -  40% o f 
r e c r u i ts  re q u ire d  h o sp ita liz a tio n . Only two s im ila r  ou tb reak s in  c iv ilian  
populations have been  re p o r te d  (T y rre l l ,  B alducci and Z a im an , 1956;
O rm sby , Fow le and D oane, 1957). S evere  and f a ta l  c a s e s  o f  pneum onia 
due to  aden o v iru s  types  3 and 7 have b een  re p o rte d  (S tu a r t-H a rr is , 1965) 
and re c e n tly  C la rk e  and co lleagues  (1964) re c o v e re d  aden o v iru s  21 f r o m  six  
ch ild ren  w ith  s e v e re  b roncho -pneum on ia , one o f  whom died.
M arked seaso n a l v a r ia tio n  o f  adenov iru s ep idem ics  i s  w ell recogn ized .
M ost la rg e  ou tb reak s  o f pharyngo-con junctival f e v e r  have b een  observ ed  in  
the su m m e r m onths (van d e r  V een , 1963). In c o n tra s t ,  ad en o v ira l ep idem ics 
in  m ili ta ry  r e c r u i t s  o ccu r a lm o s t exc lu sive ly  in  th e  w in te r (van d e r  V een and 
D ijkm an, 1962; B loom  e t a l. 1964), a s  does ad en o v ira l pneum onia o f ch ild ren  
(Chany e t a l. 1958; C la rk e  e t a l. 1964). Athough van  d e r  V een (1963) su g g ests  
tha t sp o rad ic  c a s e s  o f  u p p er r e s p ir a to ry  i l ln e s s  due to  ad en o v iru se s  a lso  
tend to o ccu r p redom inan tly  d u ring  the  w in te r and sp r in g , re c e n t s tu d ie s  o f  
p a tien ts  in  g e n e ra l p ra c tic e  (Higgins e t a l. 1966) and ch ild ren  in  h o sp ita l 
(Holzel e t a l . 1965a) show no d e f in ite  seaso n a l v a r ia tio n  in  adeno v iru s  in fe c tio n s . 
The fa m ily  su rv ey  o f  Spigland and co lleag u es  (1966) again  re v e a ls  no d e f in ite  
seaso n a l v a r ia tio n  in  aden o v iru s  ex c re tio n  bu t su g g es ts  in itia l o n se t o f
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in fec tio n  tends to o ccu r in  w in te r o r  e a r ly  sp ring .
E n te ro v iru se s
The in troduction  o f the suckling m ouse and w idesp read  u se  o f ce ll c u ltu re s  
re su lte d  in  the  d isco v e ry  o f la rg e  nu m b ers  o f  sm a ll e th e r - r e s is ta n t  v iru s e s  in 
the 1950's. The e n te ro v iru se s  now co m p rise  o v er 60 se ro ty p es  and m uch is  
known about th e ir  epidem iology and ab ility  to cau se  such d iv e rse  hum an synd rom es 
a s  a se p tic  m e n in g itis , ep idem ic p leu rodyn ia , acu te  p e r ic a rd i t is ,  f e b r i le  
exanthem  and encephalom yocard itis  o f the new born. H ow ever, the  ro le  o f 
e n te ro v iru se s  in  re s p ir a to ry  d is e a s e  i s ,  f a r  f r o m  c le a r ,  p a r tly  b eca u se  m any 
d ise a se s  such  a s  p o lio m y elitis  o r  a sep tic  m en ing itis  m ay beg in  w ith sym ptom s 
suggestive  o f  a re s p ir a to ry  il ln e s s ,  and p a r tly  b eca u se  the ra t io  o f c lin ica lly  
ap paren t to in ap p aren t e n te ro v ira l in fe c tio n s  m ay b e  quite low. T h e re  a r e  
n ev e rth e le ss  a num ber o f  e n te ro v iru se s  which ap p ea r to be a sso c ia te d  w ith 
r e s p ira to ry  d ise a se .
The c o x sack iev iru ses  o f  group A w ere  f i r s t  iso la ted  by D a lld o rf and S ick les
(1948) in  suckling  m ice . In 1951, Ho&bner and c o -w o rk e rs  showed tha t types
A2, 4, 5, 6, 8 and 10 could be  iso la ted  s ig n if ican tly  m o re  o f te n  f ro m  c a s e s  o f
herpangina than  f r o m  m atched  hea lthy  co n tro l su b jec ts . T h e re  i s  a lso  an
u n con firm ed  r e p o r t  (L e rn e r , K lein , L evin and F in lan d , 1960) o f the  iso la tio n
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of co x sack iev iru s  A 9 f ro m  the  lung  o f a 16^old g ir l  who died o f  pneum onia.
The P e tt  s tr a in  o f  co x sack iev iru s  A 24 w as re c o v e re d  f ro m  the  f a e c e s  o f  8 out
mo f 10 p a tien ts  in  an  ou tb reak  o f  re s p ir a to ry  i l ln e s s  in  W ashington (K asel, 
C ram b le tt and U tz, 1958). One o f th e se  s tr a in s  how ever produced no 
il ln e s s  when given to v o lu n tee rs  (K asel and K night, 1963).
C oxsack iev iru s  A 21 (Coe v iru s )  is  d if f e r e n t  f r o m  o th e rs  in  th e  group.
It i s  d e f in ite ly  a sso c ia te d  w ith re s p ir a to ry  i l ln e s s ,  p a r tic u la r ly  in  m ilita ry  
p e rso n n e l, and i t s  epidem iology is  s im ila r  to th a t o f  adeno v iru s  types  4 and 
7. A lthough th e  p ro to type  s tr a in  o f  co x sack iev iru s  A 21 w as re c o v e re d  f ro m  
fa e c e s  (S ick les, M u tte re r  and P la g e r ,  1959) m o st iso la tio n s  have been  m ade 
f ro m  th ro a t sp ec im en s. L en n e tte , F o x , Schm idt and C u lver (1958) f i r s t  r e s o r te d  
the iso la tio n  o f  th is  v iru s  f r o m  m ilita ry  p e rso n n e l w ith  u p p er re s p ir a to ry  
d is e a s e s ; b u t a s  th e ir  v iru s  w as o f  low  pathogencity  f o r  suckling  m ice  i t  
w as not thought to  b e  a  group A co x sack iev iru s  un til Schm idt, Fox and L ennette  
(1961) showed i t  to  be  id en tica l w ith co x sack iev iru s  A 21.
T h is  v iru s  h a s  s in ce  been  iso la ted  in  B r ita in  (P e re ira  and P e r e i r a ,  1959), 
Japan (Fukum i, N ishikaw a, Sonoguchi and Shim izu, 1961) and Holland (van 
d e r  V een, D ei and P r in s ,  1960).
Coe v iru s  an tibod ies a r e  r a r e ly  found in  ch ild ren  but becom e m o re  
p rev a len t w ith  in c re a s in g  a g e , lik e  ad enov iru s type 4. A braham  (1962) found 
antibody in  2% o f  c h ild re n , 5% o f  ad u lts  20 -  30 y e a rs  old and 12% o f m id d le - 
aged ad u lts  in  P ittsb u rg h . In  th e  s tu d ie s  o f P e r e i r a  and P e r e i r a  (1959) and 
F ukum i, N ish ikaw a, Sonoguchi and Shim izu (1962) antibody w as p re s e n t in
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h ig h e r p ro p o rtio n s  o f c iv ilian  ad u lts  (over 25% o f the  20 -  30 age group).
T h ere  i s  a lso  a sex  d if f e re n c e  in  th a t m a le s  a p p ea r to  ac q u ire  antibody a t 
an e a r l ie r  age than  fe m a le s  bu t th is  m ay be  re la te d  to th e  m ilita ry  a s s o c ia ­
tions o f  th is  v iru s .
A ll  re p o r te d  iso la tio n s  o f  Coe v iru s  f r o m  n a tu ra l i l ln e s s  a p p ea r to  have 
been  m ade f ro m  m ilita ry  popula tions although s e ro -c o n v e rs io n  o c c u rs  in  the  
c iv ilian  population d u ring  th e  w in te r  (Fukum i e t a l. 1962). R ecen t r e p o r ts  o f 
la rg e  su rv ey s  o f  ch ild ren  and ad u lts  a t  hom e and in  h o sp ita l w ith  r e s p ir a to ry  
d ise a se  do not include one iso la tio n  o f  Coe v iru s  (Chanock & P a r r o t t ,  1965a; 
H olzel e t a l. 1965a; MRC, 1965b; H iggins e t a l . 1966).
The n a tu ra l in fe c tio n s  so f a r  re p o rte d  have been  a sso c ia te d  w ith co lds 
and p h ary n g itis . Johnson, B loom , Muf son and Chanock, (1962b) showed a 
s ig n if ican t a sso c ia tio n  betw een  v iru s  iso la tio n  and m ild  r e s p ir a to ry  d is e a se  
during  th e  f i r s t  6 w eeks o f  an  o u tb reak  bu t du rin g  th e  la s t  4 w eeks v iru s  
iso la tio n  w as not c o r re la te d  w ith d ise a se . T h is  w as thought to  b e  due to  th e  
unusually  long  p e rs is te n c e  o f  v iru s  in  th e  th ro a t. The ab ility  o f the  v iru s  to 
cause  co lds h a s  been  c o n firm e d  by  inocu lation  o f  hum an v o lu n tee rs  (P a rso n s , 
Bynoe, P e r e i r a  and T y r r e l l ,  1960; S p ickard , E v an s , K night and Johnson,
1963). T he w ork  o f  Spickard  and co lleag u es  (1963) h a s  a lso  shown th a t c i r ­
cu lating  antibody w ill p re v e n t inocu lated  v o lu n te e rs  becom ing  i l l .  Two vo lun­
te e r s  g iven la rg e  d o ses  o f  v iru s  developed s e v e re  i l ln e s s  (Spickard e t a l . 1963)
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and two o f  71 v o lu n tee rs  inocu lated  w ith v iru s  in  a  f in e  sp ray  developed 
pneum onia (Couch e t a l. 1964). S evere  i l ln e s s e s  o f th e se  k inds have not 
been  found in  n a tu ra l in fe c tio n s . Coe v iru s  is  m o re  fre q u e n tly  iso la ted  
f ro m  the  th ro a t than  the  f a e c e s  (Johnson e t a l. 1962b), and in fe c tio n  o f the 
gut th rough  tube o r  cap su le  produced  no i l ln e s s  in  v o lu n te e rs  (Spickard e t a l. 
1963). T h ese  fin d in g s  suggest th a t th e  n a tu ra l h ab ita t o f  Coe v iru s  in  m an 
is  the  r e s p ir a to ry  t r a c t  r a th e r  than  th e  e n te r ic  t r a c t .
R eported  o u tb reak s  o f  Coe v iru s  in fe c tio n  in  m ilita ry  populations have 
o ccu rred  in  autum n o r  w in te r (B loom , Johnson, Muf son and Chanock, 1962; 
McDonald e t a l. 1962). B loom  and co lleagues (1962) com m ent th a t th e  end o f 
the ou tb reak  w as not due to  a  la c k  o f  su sc e p tib le s  and suggest th a t c lim a tic  
conditions m ay have been  re sp o n s ib le . S im ila r  o b se rv a tio n s  w ere  m ade in  
s tu d ies  o f  ad enov iru s ep id em ics  in  m ili ta ry  cam ps (F o rsy th , B loom , Johnson 
and C hanock, 1964).
C o x sack iev iru ses  o f  the  B group w e re  f i r s t  iso la ted  in  suckling  m ice  by 
M elnick, Shaw and C um en  (1949) and D a lld o rf , S ick les , P la g e r  and G iffo rd
(1949) f r o m  c a s e s  o f  a se p tic  m e n in g itis . T h ese  v iru s e s  have s in ce  been  
asso c ia ted  w ith p leu ro d y n ia , m y o c a rd itis , p e r ic a rd i t is  and o ccasionally  
p a ra ly s is  (D alldo rf and M elnick, 1965). C o x sack iev iru ses  o f th e  B group 
have been  found in  a l l  p a r ts  o f  the  w orld  (D alldo rf and M elnick, 1965).
C o x sack iev iru s  group B in fe c tio n s  a p p e a r to  b e  m o st com m on in  young 
ch ild ren  and to  becom e le s s  com m on w ith  in c re a s in g  age.
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In fec tio n  w ith group B co x sack iev iru s  w as f i r s t  shown to  b e  a sso c ia te d  
with r e s p ir a to ry  il ln e s s  by Jo rdan , S tevens, K atz and D ingle (1956b). H eggie 
and a s s o c ia te s  (1960) re c o v e re d  co x sack iev iru s  B 2 s ig n if ican tly  m o re  o fte n  
f ro m  il l  p e rso n s  than  f r o m  su b jec ts  w ithout i l ln e s s  d u ring  an  ou tb reak  o f 
m ild f e b r i le  d ise a se . V iru s  w as re c o v e re d  m o re  o f te n  f ro m  th ro a t than  f r o m  
re c ta l  sw abs o f i l l  p e rso n s . D uring a  tw elve-w eek  p e rio d  in  su m m e r, cox­
sack iev iru s  B 3 w as iso la ted  f r o m  19 o f  39 ch ild ren  w ith  re s p ir a to ry  i l ln e s s  
but f ro m  none o f  22 ch ild ren  w ithout f e b r i le  re s p ir a to ry  sym ptom s (Kendall 
e t a l. 1960). C o x sack iev iru s  B 5 h a s  b een  iso la ted  f r o m  20% o f 126 c h ild ren  
with m ild  o r  f e b r i l e  u p p er r e s p ir a to ry  i l ln e s s  seen  in  an  ou tpa tien t d e p a r t­
m ent; th e  agen t w as a lso  iso la ted  f ro m  5% o f  118 c h ild ren  w ith lo w er r e s p i r a ­
to ry  il ln e s s  and 5% o f  212 ch ild ren  w ithout r e s p ir a to ry  i l ln e s s  (V argosko,
K im , P a r r o t t  and C hanock, 1962). T h ese  r e s u l t s  suggest a c a u sa l re la tio n sh ip  
of co x sack iev iru s  B 5 w ith  u p p er r e s p ir a to ry  il ln e s s  bu t p robab ly  not w ith 
low er r e s p ir a to ry  t r a c t  d is e a se .
C o xsack iev iru s B 1 h a s  been  iso la te d  f r o m  the  lung o f  a  21-y e a r  old 
woman who d ied o f  rh eu m a tic  h e a r t  d is e a s e  and b roncho-pneum onia  (Jahn, 
Felton and C h e rry , 1964). L a rg e  s tu d ie s  o f  ch ild ren  in  h o sp ita l (Chanock 
and P a r r o t t ,  1965a; H olzel e t a l . 1965a) both  showed co x sa c k ie v iru se s  o f  
the B group to b e  a s so c ia te d  w ith 1.9% o f  c a s e s  o f r e s p ir a to ry  i l ln e s s  bu t 
these v iru s e s  w e re  a lso  found  in  0.8% to  1.6% o f  ch ild ren  w ithout r e s p ir a to ry  
illness . P a f f  e rib e rg er and a s s o c ia te s  (1959) studying boys in  a  su m m e r
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cam p found re s p ir a to ry  sym ptom s in  a  s ig n if ican tly  h ig h e r p ro p o rtio n  o f 
boys ex c re tin g  co x sack iev iru s  B 4 than  in  th o se  who w ere  not. Two stud ies  
in  c h ild re n s ' in s titu tio n s  have rev ea led  an  a sso c ia tio n  o f co x sack iev iru s  B 3 
w ith ou tb reak s o f  u pper r e s p ir a to ry  il ln e s s  (Bell e t a l. 1961; R o b e rts , 
R e n d to rff  and H ale 1965). C ram b le tt e t a l . (1964) in  a  su rv ey  o f 114 cox­
sa ck ie v iru s  group B in fe c tio n s  in  N orth C aro lin a , found 35% a sso c ia ted  
with r e s p ir a to ry  i l ln e s s ,  45% w ith  n eu ro lo g ica l, e n te r ic  o r  u n d iffe re n tia te d  
f e b r i le  i l ln e s s  and th e  re m a in d e r  a sso c ia te d  w ith u n re la ted  o r  no d ise a se .
A lm ost a ll  the  re p o r te d  re s p ir a to ry  i l ln e s s e s  caused  by co x sack iev iru ses  
of Group B have o c c u rre d  in  ch ild ren  during  th e  su m m er and e a r ly  autum n.
The ty p es  m o st com m only involved a p p ea r to  b e  2 , 3, 4 and 5.
E ch o v iru se s  w ere  f i r s t  iso la ted  in  1951 (Robbins e t a l. 1951) bu t f o r  m any 
y e a rs  th e ir  re la tio n sh ip  to hum an d is e a se  w as unknown. I t i s  now known 
tha t e ch o v iru se s  m ay b e  a sso c ia te d  w ith m any c lin ica l d is e a s e s  including 
a sep tic  m e n in g itis , p a ra ly s is ,  m y o c a rd itis , p e r ic a rd i t is ,  en c e p h a litis , r a s h e s  
and d ia rrh o e a  (M elnick, 1965). T h e re  a r e  a lso  m any re p o r ts  o f  s e v e ra l 
echov irus se ro ty p e s  being  a sso c ia te d  w ith r e s p ir a to ry  d ise a se . T ypes 1 and 
6 w ere  a sso c ia te d  w ith  o u tb reak s  o f f e b r i l e  re s p ir a to ry  d is e a se  in  Japan 
(M atum oto, 1963). Type 3 h a s  been  a sso c ia te d  w ith m ild  f e b r i l e  r e s p ir a to ry  
illn e ss  in  in fa n ts  and n u rs e ry  ch ild ren  (R osen, K ern  and B e ll, 1964). O f 
the h ig h e r s e ro ty p e s , types 13, 19, 22 and 25 have been  re p o r te d  in  a s s o c ia ­
tion w ith r e s p ir a to ry  i l ln e s s  (C ram b le tt e t a l . 1962; W igand and Sabin, 1961;
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Hoof t ,  N ihoul, L am b ert and V alcke , 1963 • R e illy , S tokes, H am parian  and 
H illem an , 1963). E chov iru s 25 h a s  produced  r e s p ir a to ry  i l ln e s s  when 
inoculated  in to  adu lt v o lu n tee rs  (K asel, R osen , Loda and F le e t ,  1965). 
Ph ilip son  and W esslen  (1958) re p o r te d  the  iso la tio n  o f a v iru s  la te r  shown 
to b e  ech o v iru s  11 f ro m  32% o f  53 ch ild ren  w ith croup  and f ro m  11% o f  63 
ch ild ren  w ithout such  il ln e s s ;  how ever th e  hea lthy  ch ild ren  w ere  se lec ted  
f ro m  a day n u rs e ry  and not h o sp ita l and th e re fo re  w ere  not s tr ic t ly  co m p ar­
ab le . Such r e s u l t s  have not been  rep e a te d  d esp ite  the  te s tin g  o f  v e ry  la rg e  
num bers o f  spec im ens f r o m  c a s e s  o f  re s p ir a to ry  d ise a se . A dult v o lu n tee rs  
inoculated  w ith a  s t r a in  iso la ted  f r o m  th e  ou tb reak  developed sym ptom s w hich 
suggested  th a t th e  v iru s  m ight cau se  a f e v e r is h  so re  th ro a t (P h ilip son , 1958) 
but no r e s p ir a to ry  sym ptom s w ere  observ ed  in  a  second group o f v o lu n tee rs  
inoculated  w ith th e  sam e pool o f v iru s  (Buckland , B ynoe, P h ilip so n  and 
T y r re l l ,  1959). E ch o v iru s  20 w as f i r s t  re c o v e re d  f ro m  orphanage ch ild ren , 
som e o f  whom w e re  w ell and som e o f whom had r e s p ir a to ry  i l ln e s s  (R osen, 
Johnson, H uebner and B ell 1958; C ram b le tt e t a l . 1958). A dult v o lu n tee rs  
inoculated  w ith ech o v iru s  20 developed f e b r i l e  p h a ry n g itis  in  m o s t c a s e s  and 
a com m on cold in  two (Buckland, B ynoe, R osen  and T y r r e l l ,  1961).
M ost r e s p ir a to ry  i l ln e s s e s  a sso c ia te d  w ith n a tu ra l echov iru s  in fe c tio n  
have o c c u rre d  in  c h ild re n , u su a lly  in  th e  su m m e r m onths.
R e o v iru se s
R eo v iru ses  have b een  re c o v e re d  f r o m  a  w ide ran g e  o f  hum an d is e a s e s
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but in  no c a se  h a s  th e ir  ae tio lo g ica l ro le  been  es tab lish ed  w ith certain ty . 
R osen  and c o -w o rk e rs  (1960b) re c o v e re d  22 s tra in s  o f r e o v iru s  type 1 f ro m  
orphanage ch ild ren  betw een January  and M arch 1957. The a sso c ia tio n  o f  
m ild  f e b r i l e  r e s p ir a to ry  i l ln e s s  w ith re o v iru s  in fe c tio n  w as o f b o rd e r lin e  
s ta t is t ic a l  s ig n ifican ce . In two o th e r  o u tb reak s in  the  sam e orphanage 
re o v iru s  type 3 w as iso la ted  (Rosen e t a l. 1960a); although d ia rrh o e a  and 
co ry za  w ere  a sso c ia te d  w ith v iru s  iso la tio n s  th e re  w as in s u f f ic ie n t  evidence 
to p rove  a  cau sa l re la tio n sh ip .
Jackson , Muldoon and C ooper (1961) inocu lated  v o lu n tee rs  w ith n asa l 
s e c re tio n s  co llec ted  f ro m  a su b jec t w ith a  com m on cold and known to  contain  
re o v iru s  type 1. In te rp re ta tio n  o f the r e s u l t s  w as com plica ted  by  th e  
iso la tio n  o f  ech o v iru s  28 f r o m  the  sam e  s e c re tio n  (Jackson, M uldoon, 
Johnson and Dowling, 1963); n e v e r th e le ss  suggestive  ev idence w as obtained 
th a t re o v iru s  1 in  the  s e c re tio n  p roduced  com m on co lds. R osen , Evans 
and Spickard  (1963) inocu lated  hum an v o lu n te e rs  w ith  t is s u e  c u ltu re  grow n 
s tra in s  o f  re o v iru s  ty p es  1, 2 , and 3 bu t produced  no i l ln e s s  w hich could b e  
d e fin ite ly  a ttr ib u te d  to  th e  inoculum  although th e re  w as ev idence o f  in fe c tio n  
in  m o st o f  the  v o lu n tee rs .
A num ber o f  su rv ey s  o f  r e s p ir a to ry  i l ln e s s  in  c h ild ren  and ad u lts  do not 
suggest th a t re o v iru s e s  a r e  an  im p o rtan t cau se . A se ro lo g ic a l su rv ey  by  
H illem an and co lleagues (1962) re v e a le d  one re o v iru s  in fe c tio n  in  667 o u t-
118
p a tien t ch ild ren  w ith u p p er and lo w er r e s p ir a to ry  i l ln e s s e s ,  an o th er in fec tio n  
in 153 co n tro l c h ild re n , no in fe c tio n s  in  155 ad u lts  w ith com m on co lds and 
one in  54 adu lt co n tro ls . W u lff , Kidd and W enner (1964c) iso la ted  5 re o v iru s e s  
f r o m  114 h o sp ita l ch ild ren  w ith re s p ir a to ry  i l ln e s s  bu t did not in v estig a te  
ch ild ren  w ithout r e s p ir a to ry  il ln e s s . The la rg e  su rv ey  o f Spigland and 
co lleagues  (1966) rev e a le d  6 iso la tio n s  o f  re o v iru s  and h e rp e s  v iru s  (the exac t 
num ber o f  each  is  not sp ec ified ) f ro m  o v er 31,000 spec im en s taken  betw een 
1961 and 1965. O ther su rv ey s  o f  r e s p ir a to ry  d is e a s e s  (C larke e t a l. 1964; 
Chanock 8c P a r r o t t ,  1965a; H olzel e t a l. 1965a; MRC 1965b; H iggins e t a l. 
1966) do not m ention  re o v iru s e s  a t  a ll.
In one study re o v iru s e s  w e re  iso la ted  during  a l l  seaso n s  o f th e  y e a r  bu t 
m o st o f te n  in  w in te r unlike th e  e n te ro v iru se s  w hich o ccu r m o st fre q u e n tly  
in  the  su m m e r (G elfand , 1959). The th re e  o u tb reak s  o f  re o v iru s e s  
in fe c tio n s  in  an  A m erican  orphanage w ere  de tec ted  in  th e  f i r s t ,  th ird  and 
fo u r th  q u a r te r s  o f the  y e a r  (Bell e t a l. 1961). W henever v iru s  iso la tio n  
a ttem p ts  have been  m ade on bo th  r e c ta l  and th ro a t sp ec im en s , the  iso la tio n  
r a te s  have a lw ays been  h ig h e r f r o m  th e  r e c ta l  sp ec im en s suggesting  th a t 
the n a tu ra l hum an h ab ita t o f  re o v iru s e s  is  m o re  lik e ly  to  be  th e  gut th an  th e  
re s p ir a to ry  t r a c t .
D esp ite  m any r e p o r ts  o f  r e s p ir a to ry  sym ptom s a sso c ia te d  w ith e n te ro ­
v iru s  and re o v iru s  in fe c tio n s  and n u m ero u s ex p erim en ts  w ith th e se  v iru s e s  
in  v o lu n te e rs  i t  s e e m s  un likely  th a t they  co n trib u te  g re a tly  to  re s p ir a to ry
119
i l ln e s s e s  in  the g en e ra l population.
P a ra in f lu e n z a  V iru se s  
The f i r s t  o f  the p a ra in flu e n z a  v iru s e s  to be iso la te d , the  Sendai o r  HVJ 
s tra in  o f p a ra in flu e n z a  1, w as found in  m ice  inoculated  w ith lung  tis su e  
f ro m  ch ild ren  who died o f  pneum onia (K uroya, Ish ida and S h ira to r i, 1953). 
L a te r  s tu d ie s  have shown th a t Sendai v iru s  is  com m only found in  m ice  and 
doubt h a s  been  ex p re sse d  about i t s  hum an o rig in  (Fukum i et a l. 1959). In 
1955 the c ro u p -a sso c ia te d  o r  CA v iru s  ( la te r  ca lled  p a ra in flu e n z a  2) w as 
iso la ted  in  t is s u e  cu ltu re  f ro m  in fa n ts  w ith croup  (Chanock, 1956) and in  
1958 the  iso la tio n  o f  p a ra in flu e n z a  types 1 and 3 f r o m  ch ild ren  w ith i  r e s p i r a ­
to ry  d is e a se  w as re p o r te d  (Chanock e t a l. 1958). M ore re c e n tly , Johnson 
and co lleagues (1960) re p o rte d  the iso la tio n  o f  a p a ra in flu e n z a  4 v iru s . 
H siung, I sac  son and M cCollum  (1962) have suggested  tha t a v iru s  w hich 
they iso la ted  f r o m  hum an blood and w hich is  an tig en ica lly  s im ila r  to SV-5 
should b e  c la s s i f ie d  a s  p a ra in flu e n z a  5. H ow ever, th e re  i s  no evidence 
th a t p a ra in f lu e n z a  5 ca u se s  d is e a se  in  m an.
Since th e ir  o rig in a l iso la tio n  f ro m  m an in  the U.S.A. p a ra in flu e n z a  
v iru s e s  have b een  found in  m o s t p a r ts  o f  the w orld  w here  they have been  
sought, including  B rita in  (Sutton, C la rk e  and T y r re l l ,  1959), R u ss ia  (B ukrin - 
skaya 8c P a k to r is ,  1960), Canada (M cLean e t a l. 1961) and A u s tra lia  (L ew is, 
Lehm ann and F e r r i s ,  1961a; se ro lo g ic a l s tu d ie s  have a lso  re v e a le d  ev idence
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o f p a ra in flu e n z a  in fe c tio n s  in  Holland (van d e r  V een and S m eur, 1961)
Ita ly  and India (La P lac a  & M oscovici, 1962) and 13 o th e r co u n trie s  (T ay lo r- 
R obinson , 1965) a s  w ell a s  th re e  iso la ted  com m unities (Brown and T a y lo r-  
R obinson, 1966). R ecovery  o f p a ra in flu e n z a  4 h a s  not y e t been  re p o rte d  
o u tside  th e  U nited S ta tes.
In fa n ts  and young ch ild ren  ap p ea r to b e  m o s t su scep tib le  to  and se v e re ly  
a f fe c te d  by  p a ra in flu e n z a  in fec tio n . M ost in fa n ts  p o s se s s  type 3 neu ­
tra l iz in g  antibody by 2 y e a r s  o f age. Such antibody Against types 1 and 2 
i s  acq u ired  m o re  slow ly bu t m o st ch ild ren  have i t  by  the  f i f t h  y e a r  (P a r ro tt  
e t a l. 1962b). E sse n tia lly  the  sam e conclusions m ay b e  d raw n f r o m  stud ies  
o f haem agg lu tina tion -inh ib iting  antibody (S tark , H eath and P e to , 1964).
A lthough p r im a ry  in fec tio n so ccu r e a r ly  in  l i f e ,  r e in fe c tio n s  have been  detected  
(P a r ro tt  e t a l . 1962b). S ero log ica l s tu d ie s  o f  pneum onia in  v a r io u s  co u n trie s  
have re v e a le d  p a ra in f lu e n z a  in fe c tio n  r a te s  o f  6 -  17% (with one e s tim a te  
o f 71%) in  in fa n ts  and ch ild ren  and 3 -  5.5% in  ad u lts  (Chanock e t a l. 1963).
A study o f  acu te  r e s p ir a to ry  i l ln e s s e s  in  g en e ra l p ra c tic e  (Higgins e t a l. 1966) 
h as  shown th a t p a ra in f lu e n z a  v iru s e s  m ay be  iso la ted  f ro m  6.3% o f ch ild ren  
u n d er 5 y e a r s  and 2.3% o f  c h ild ren  betw een  5 and 15 y e a r s  and o f  ad u lts  o v e r 
16 y e a rs .  A la rg e  v iru s  su rv ey  o f  New Y ork fa m ilie s  su g g es ts  th a t th e re  
is  l i t t le  d if f e r e n c e  in  p a ra in flu e n z a  iso la tio n  r a te  w ith age (Elvebach e t a l .
1966; Fox e t a l. 1966). H ow ever, p a ra in f lu e n z a  v iru s e s  m ay b e  m o re
d if f ic u l t  to  iso la te  f r o m  ad u lts  than  f r o m  ch ild ren  and p a ra in f lu e n z a  in fe c tio n s
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m ay not b e  de tec ted  by  v iru s  iso la tio n  i£ t is s u e  c u ltu re s  a r e  re ta in e d  f o r  only 
th re e  w eeks (B loom , Johnson, Jacobsen and C hanock, 1961; B anatva la , A nderson  
and R e is s ,  1964).
In the n o rm al population liv ing  a t  hom e p a ra in flu e n z a  in fe c tio n  does not 
ap p ea r to  b e  com m on. In one study only 21 p a ra in flu e n z a  v iru s e s  w ere  detected  
in o v e r 12,000 re s p ir a to ry  spec im en s co llec ted  during  o v er 10,000 p e rso n -m o n th s  
o f o b se rv a tio n  (Fox e t a l. 1966; Spigland e t a l. 1966). Surveys o f m ild  r e s p i r ­
a to ry  d is e a s e  (Chanock et_al^ 1963; H am re  e t a l . 1966; H iggins e t  a l , 1966) 
have re v e a le d  p a ra in flu e n z a  in fe c tio n  r a te s  o f 1.9% to  9.1% in  ad u lts  and 6 to  
16% in  in fa n ts  and ch ild ren .
C h ild ren  in  h o sp ita l a r e  the  group in  w hich p a ra in flu e n z a  v iru s e s  a r e  m o st 
com m only f  ound. In two re c e n t r e p o r ts  o f  la rg e  s tu d ie s  in  B rita in  and A m erica  
p a ra in flu en za  v iru s e s  w e re  iso la ted  f ro m  5.4% and 6.5% re sp e c tiv e ly  o f  ch ild ren  
with r e s p ir a to ry  d is e a se ; b u t f r o m  le s s  than  1% o f  th o se  w ithout such  sym ptom s. 
The u se  o f  se ro lo g ic a l d iag n o ses  in  one o f  th e se  s tu d ie s  rev ea led  16% p a ra ­
in fluenza  in fe c tio n s  in  re s p ir a to ry  il ln e s s  o f  ch ild ren  and 6% in  ch ild ren  w ith 
no re s p ir a to ry  il ln e s s . In both  s tu d ie s  p a ra in flu e n z a  type 3 w as m o st fre q u e n tly  
iso la ted , then  type 1 and f in a lly  type 2 le a s t  f re q u e n tly  (Chanock & P a r r o t t ,
1965a; H olzel e t  a l. 1965a).
P a ra in f lu e n z a  v iru s e s  have been  iso la ted  f ro m  m ilita ry  p e rso n n e l w ith  a 
s im ila r  f re q u e n c y  to  th a t found  in  c iv ilian  ad u lts . B loom  and co lleagues 
(L961) iso la ted  11 s tra in s  f r o m  230 (5%) c a s e s  o f r e s p ir a to ry  i l ln e s s  and 3 f ro m
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74 (4%) co n tro ls  w ithout such  il ln e s s . McDonald e t a l. (1962) found se ro lo g ica l 
evidence o f p a ra in flu e n z a  v iru s  in fec tio n  in  2 -  3% o f re s p ir a to ry  il ln e s s  in  
A ir F o rc e  re c u i ts  bu t in  l e s s  than 0.4% o f s im ila r  i l ln e s s e s  in  m en a t  o p e ra ­
tional s ta tio n s .
In in s titu tio n s , p a r tic u la r ly  f o r  ch ild ren , th e re  have been  r e p o r ts  o f sh a rp  
o u tb reaks o f  p a ra in flu e n z a  in fe c tio n s . T h e re  w e re  eight such ou tb reaks  during  
th re e  y e a rs  o f  study in  a  W ashington W e lfa re  N u rse ry  (Chanock e t a l. 1963).
F ive w e re  due to  type 3, 2 to  type 1 and 1 to  type 2. The d u ra tio n  o f  each o f 
the o u tb reak s  w as about 4 - 6  w eeks. In an  ou tb reak  o f  type 3 in fe c tio n  in  a 
re s id e n tia l n u rs e ry  in  S h e ffie ld  (Sutton, 1962) a l l  th e  16 ch ild ren  in  the  n u rs e ry  
a t the  beginning o f  the  ou tb reak  developed il ln e s s e s  s im ila r  to  th a t o f  the  index 
case . A s im ila r  high in fe c tio n  r a te  w as found by  Chanock and co lleagues 
(1963).
A s ig n if ic a n t d if f e re n c e  betw een  the  iso la tio n  r a te s  o f  p a ra in flu e n z a  v iru s e s  
f ro m  c h ild ren  w ith r e s p ir a to ry  d is e a se  and f r o m  th o se  w ithout h a s  been  dem on- 
sta ted  in  both  o rphanage and h o sp ita l popula tions (Bell e t a l. 1961; Chanock & 
P a r ro t t  1965a). In a  su rv ey  o f  p a ra in f lu e n z a  v iru s  in fe c tio n s  in  g en e ra l p ra c tic e  
croup w as the com m onest c lin ica l m a n ife s ta tio n  o f in fe c tio n  in  ch ild ren  
(B anatvala e t a l. 1964). S urveys in  v a r io u s  co u n trie s  have shown th a t p a r -  
in fluenza  v iru s e s  (m ainly type 1) m ay b e  iso la ted  f ro m  26 -  51% o f  c a s e s  o f  
croup (Chanock e t a l. 1963). T ypes 1, 2 and 3 v iru s e s  m ay b e  iso la ted  f ro m  
3 -  4% o f lo w er r e s p ir a to ry  il ln e s s  and 6 -  9% o f  u p p er r e s p ir a to ry  i l ln e s s  o f
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ch ild ren  in  h o sp ita l (Chanock & P a r r o t t ,  1965a; H olzel e t a l. 1965a). F a ta l 
c a se s  o f p a ra in flu e n z a  in fec tio n  have been  re p o rte d : type 2 v iru s  w as iso la ted
f ro m  the lungs o f  two in fa n ts  who died (Von E u le r , K an tor and H siung, 1963). 
D uring a  s e r ie s  o f p a ra in flu e n z a  v iru s  ou tb reak s in  a W e lfa re  n u rs e ry  i t  w as 
found th a t ap p rox im ate ly  one th ird  o f p r im a ry  type 3 in fe c tio n s  and one q u a r te r  
o f p r im a ry  type 1 in fe c tio n s  w ere  a sso c ia te d  w ith lo w er re s p ir a to ry  signs. 
H ow ever, croup  developed in  only 1 o f 45 type 1 in fe c tio n s  and 1 o f  31 type 2 
in fec tio n s . N eu tra liz ing  antibody c o n fe r re d  som e p ro tec tio n  a g a in s t such 
il ln e s s . R e in fec tio n  w ith p a ra in flu e n z a  type 3 w as p roved  by  iso la tio n  d u ring  
3 o u tb reak s  w ith in  9 m onths. Seventeen p e r  cen t o f  c h ild ren  a t  r i s k  who w ere  
in fec ted  d u ring  th e  f i r s t  o r  second o u tb reak s  w e re  re in fe c te d  du ring  th e  second 
o r th ird  ou tb reak . T rip le  in fe c tio n s  w e re  not o bserved . S ero log ical findings 
o f s ig n if ic a n t n e u tra liz in g  antibody r i s e s  in  10 o f  15 ch ild ren  du ring  re in fe c tio n  
support the  in te rp re ta tio n  o f  re in fe c tio n  r a th e r  than  p e r s is te n t  in fe c tio n  w ith 
in te rm itte n t shedding. M ost o f  the  second in fe c tio n s  w e re  sym p to m less . O f 
16 re in fe c tio n s  8 o c c u rre d  in  c h ild ren  who p o s se s s e d  n eu tra liz in g  antibody b e fo re  
the f i r s t  in fe c tio n , suggesting  th a t re in fe c tio n  can o ccu r m o re  than  once 
(Chanock e t a l . 1963). I lln e s s  p roduced  by  type 4 v iru s  in  ch ild ren  a p p e a rs  to  
be m ild , and lim ite d  to  th e  u p p er r e s p ir a to ry  t r a c t  (Canchola e t a l. 1964).
The s ig n if ic a n c e  o f p a ra in flu e n z a  v iru s  in fe c tio n  in  ad u lts  w ith u pper 
re s p ira to ry  d is e a se  i s  l e s s  c le a r .  T h e re  a r e  s e v e ra l r e p o r ts  o f  such in fe c tio n s  
with sym ptom s o f e i th e r  in flu en za  (B anatvala e t a l . 1964) o r  f e b r i le  s o re  th ro a t
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(M eenan, C la rk e  and T y r r e l l ,  1959; B loom  e t a l. 1961; D ick, Mogabgab and 
H olm es, 1961). Only th e  study o f  B loom  and co lleagues (1961) included sym ptom - 
le s s  c o n tro ls  and i t  did not show a s ta t is t ic a lly  s ig n if ic a n t a s so c ia tio n  o f  
in fec tio n  w ith re s p ir a to ry  d ise a se . In a se ro lo g ica l su rv ey  o f  ad u lts  w ith 
ch ron ic  b rm c h itis  th e re  w as ev idence th a t p a ra in flu e n z a  v iru s e s  w ere  a sso c ia te d  
with a sm a ll num ber o f  ex ac e rb a tio n s  (S tark e t a l. 1965). The only re p o rte d  
type 4 in fe c tio n  o f  an  adu lt w as in  a s tuden t w ith p h a ry n g itis  (Johnson e t a l. 1960).
A dult v o lu n te e rs  have been  inocu lated  w ith each  o f  types  1 ,2  and 3 
(R e ic h e ld e rfe r  e t a l . 1958: T y r re l l  e t a l. 1959; K apikian e t a l. 1961b; T a y lo r-
Robinson & B ynoe, 1963). The r e s u l t s  o f  th e se  s tu d ie s  suggest th a t ty p es  1 
and 2 cau se  com m on co lds and in f lu e n z a -lik e  i l ln e s s e s  and type 3 com m on 
co ld s, in  ad u lts  who m ay have high le v e ls  o f c irc u la tin g  antibody.
The seaso n a l d is tr ib u tio n  o f p a ra in flu e n z a  v iru s  in fe c tio n s  a p p e a rs  to  v a ry . 
Chanock & P a r r o t t  (1965b) re p o rte d  the iso la tio n  o f  types 1 and 3 a l l  the y e a r  
round w ith  peak  p rev a len ce  in  the  co ld e r  m onths and o f  type 2 only in  th e  co ld e r 
m onths. In B r it is h  s tu d ie s  (Higgins e t a l. 1966; H olzel e t a l. 1965a) type 3 
a lso  a p p e a rs  to  b e  endem ic b u t type 1 h a s  o c c u rre d  m ain ly  in  o u tb reak s. 
O ccasionally  p a ra in f lu e n z a  v iru s e s  o ccu r in  an  ep idem ic p a tte rn . Chanock & 
P a r ro t t  (1965b) have re p o rte d  one such  ep idem ic in  W ashington d u ring  th e  
1962-63 w in te r  when type 1 w as re c o v e re d  f ro m  up to 25% o f  c h ild ren  en te rin g  
h o sp ita l. I t i s  o f  co n s id e ra b le  in te re s t  th a t d u ring  th e  sam e w in te r type 1 
w as p re v a le n t in  New Haven (H orstm ann & H siung, 1963), in  T o ro n to , Canada
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(M cLean, B ach , L a rk  and M cNaughton, 1963) and in  C am bridge , England 
(B anatvala e t a l. 1964). A ll the  type 1 iso la tio n s  re p o rte d  in  two o th e r E nglish  
su rv ey s  (Holzel e t a l . 1965a; C la rk e  e t a l. 1964) and 8 o f  th e  10 re p o rte d  by 
H iggins and c o -w o rk e rs  (1966) o c c u rre d  during  the  sam e w in te r. T hese  f a c t s  
suggest th a t o ccasio n a lly  th is  v iru s  m ay a ssu m e  an ep idem ic p a tte rn  o v e r a 
la rg e  geog raph ica l a re a .  E p idem ic b ehav iou r o f  types  2 and 3 h a s  a lso  been  
re p o rte d  (Chanock & P a r r o t t  1965b).
A ntigenic v a r ia tio n  am ong p a ra in flu e n z a  v iru s e s  a p p e a rs  to  b e  uncom m on. 
T h e re  i s  an  u n co n firm ed  r e p o r t  o f  v a r ia n t s tr a in s  o f type 1 found in  Moscow 
(B ukrinskaya, Yun-De and G orbunova, 1962). Two sub ty p es , A and B , o f 
type 4 have been  re p o rte d  (Canchola e t a l. 1964); both  A and B ty p es  w ere  
re c o v e re d  in  W ashington in  1962, bu t only B types w ere  re c o v e re d  in  1963.
No such v a r ia tio n s  have been  re p o r te d  f o r  types  2 and 3.
R e sp ira to ry  Syncytial V iru s  
R e sp ira to ry  Syncytial (RS) v iru s  w as f i r s t  re c o v e re d  f r o m  ch im panzees 
w ith com m on c o ld -lik e  i l ln e s s e s  and f r o m  a la b o ra to ry  w o rk e r who had been  
in  co n tac t w ith  th em ; i t  o rig in a lly  w as nam ed ch im panzee co ry za  agen t 
(M orris  e t a l. 1956). Chanock and co lleagues (1957) iso la ted  RS v iru s  f r o m  
ch ild ren  w ith  lo w er r e s p ir a to ry  d is e a s e  and noted th e  c h a ra c te r is t ic  syncy tia l 
ap p ea ran ce  o f  th e  v iru s  in  t is s u e  c u ltu re . T he v iru s  w as then  ren am ed  
re s p ir a to ry  sy ncy tia l v iru s  (Charade and F irib e rg , 1957). Many s tu d ie s  in  
v a rio u s  p a r ts  o f  th e  w orld  have s in ce  e s tab lish ed  th a t RS v iru s  i s  the  m o st
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im p o rtan t v ir a l  r e s p ir a to ry  pathogen o f in fan cy .
A f te r  the  o rig in a l A m erican  r e p o r ts  RS v iru s  w as iso la ted  in  B rita in  
(Peacock and C la rk e , 1961), A u stra lia  (L ew is, R ae , Lehm ann and F e r r i s ,
1961b), N orway (U lstrup , 1964) and F in land  (B erglund, V ihm a and W ick stro m , 
1965). S ero log ica l ev idence o f RS v iru s  in fec tio n  h a s  been  found  in  s e ra  
f r o m  14 d i f f e r e n t  c o u n trie s  (D oggett, 1965).
P r im a ry  in fe c tio n  w ith RS v iru s  o c c u rs  e a r ly  in  l i f e .  One th ird  o f  
in fa n ts  develop n eu tra liz in g  antibody by  one y e a r  o f  l i f e  and 80 -  90% by 4 
y e a rs  (Chanock e t a l. 1957; M oss, A dam s and T obin , 1963; B eem , E g e re r  
and A nd erso n , 1964; H am bling, 1964). In s tu d ie s  o f r e s p ir a to ry  il ln e s s  
o f c h ild ren  in  h o sp ita l RS v iru s  iso la tio n  r a te  d e c re a se s  sh a rp ly  w ith in c re a s in g  
age f r o m  about 30% in  c h ild ren  u n d er 1 y e a r  (m ostly  u n d e r 6 m onths) to  about 
10% in  ch ild ren  betw een 1 and 4 y e a r s  old and even le s s  in  ch ild ren  o v er 4 y e a rs  
(Chanock e t a l. 1961; Chanock and P a r r o t t ,  1965a; H olzel e t a l . 1965a). In 
a study o f  r e s p ir a to ry  i l ln e s s  in  g en e ra l p ra c tic e  RS v iru s  w as iso la ted  f ro m  
7% o f  381 c a s e s  u n d er 4 y e a r s ,  0.8% o f  353 c a s e s  betw een 5 and 15 y e a rs  and 
0# >1% o f 798 c a s e s  o v e r 16 y e a r s  (Higgins e t a l. 1966). S im ila r  r e s u l t s  w ere  
found am ong th e  g e n e ra l p ra c tic e  c a s e s  o f  a  co llab o ra tiv e  study (MRC, 1965b). 
The m ark ed  p red e lic tio n  o f  RS v iru s  f o r  causing  re s p ir a to ry  d is e a s e s  in  the  
f i r s t  h a l f  y e a r  o f  l i f e  i s  not found  w ith o th e r  r e s p ir a to ry  v iru s e s  (Chanock 
and P a r r o t t ,  1965a).
In su rv ey s  o f  r e s p ir a to ry  i l ln e s s e s  in  non -hosp ita lized  popula tions RS
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v iru s  h a s  been  iso la ted  f r o m  7% o f ch ild ren  u n d er 4 y e a rs  o r  4% o f ch ild ren  
u n d er 5 y e a r s  b u t f r o m  le s s  than 1% o f o ld e r ch ild ren  o r  ad u lts  (Higgins e t a l. 
1966; MRC, 1965b). One la rg e  su rv ey  (Spigland e t a l. 1966) fa ile d  to  d e tec t 
a  sing le  RS v iru s  in fe c tio n  a f t e r  exam ining o v er 12,000 r e s p ir a to ry  spec im ens 
during  about 4 y e a r s ,  although te s t s  ind icated  th a t th e  techn iques used  w ere  
sen s itiv e  to RS v iru s .  D uring a f o u r -y e a r  study o f  r e s p ir a to ry  il ln e s s  in 
U n ivers ity  s tuden ts  (H am re e t a l. 1966)RS v iru s  w as iso la ted  f ro m  15 (1.7%) 
o f 894 spec im en s co llec ted  during  th e  acu te  s tag e  o f i l ln e s s ,  none o f  808 
co nvalescen t spec im en s and 1 o f  2,130 spec im en s co llec ted  on a ro u tin e  schedule 
u n re la ted  to  il ln e s s . E leven  o f  the  16 RS v iru s  iso la tio n s  w e re  m ade during  
January  and F e b ru a ry  1961, ind icating  th a t RS v iru s  m ay cau se  sh a rp  o u tb reaks  
o f r e s p ir a to ry  i l ln e s s  in  ad u lts  (H am re and P rocknow , 1961).
RS v iru s  in fe c tio n s  have b een  re p o r te d  m o st fre q u e n tly  am ong ch ild ren  
in  h o sp ita l, w h ere  they  a p p ea r to  account f o r  9.5% to  14% o f  to ta l childhood 
r e s p ir a to ry  i l ln e s s e s  (Chanock and P a r r o t t ,  1965a; H olzel e t a l. 1965a) and 
a lm o st 30% o f  a ll b ro n c h io litis . In one study (Chanock e t a l. 1961) a m arked  
d isp a r ity  w as found  betw een  th e  f re q u e n c y  o f  v iru s  iso la tio n s  (1%) and o f CF 
antibody developm ent (15%) in  th e  co n tro l group o f  ch ild ren  w ithout r e s p ir a to ry  
d ise a se . Such a d isp a r ity  did not e x is t f o r  p a tien ts  w ith lo w er r e s p ir a to ry  
d is e a s e , suggesting  th a t in fe c tio n  in  the  co n tro l group w as acq u ired  by c r o s s -  
in f  ec tion  w hile  in  h o sp ita l.
T w enty-tw o RS v iru s  in fe c tio n s  o c c u rre d  in  a  m ilita ry  population betw een
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January  and M arch 1961 (Johnson, B loom , Muf son and C hanock, 1962c). T h is  is  
f u r th e r  ev idence th a t RS v iru s  can  cau se  sh a rp  o u tb reaks o f re s p ir a to ry  il ln e s s  
in  ad u lts . F if te e n  o f  th e  22 in fe c tio n s  w e re  a sso c ia te d  w ith m ild  re s p ir a to ry  
il ln e s s  b u t 7 w e re  not a s so c ia te d  w ith any il ln e s s .
D uring  an  ou tb reak  o f RS v iru s  in fe c tio n s  in  a c h ild re n s ' in s titu tio n , s e r o ­
lo g ica l s tu d ie s  showed th a t 91% o f  the  study population w ere  in fe c te d . Pneum onia 
o ccu rred  in  40% o f  the  90 c h ild ren  in  the  in s titu tio n , and i ts  o c c u rre n c e  w as not 
s ig n if ican tly  in flu en ced  by th e  p re se n c e  o r  ab sen ce  o f  p re -o u tb re a k  n eu tra liz in g  
antibody (Kapikian e t a l. 1961a).
The sym ptom s a sso c ia te d  w ith RS v iru s  in fe c tio n  a r e  c lo se ly  re la te d  to  the  
age o f th e  in fe c te d  individual. In s tu d ie s  o f ch ild ren  in  h o sp ita l, 74% to  100% 
o f c h ild ren  u n d er 1 y e a r  w ith v iro lo g ica lly  c o n firm ed  RS v iru s  in fe c tio n  have 
low er r e s p ir a to ry  t r a c t  sym p to m s, w h e reas  only 20% to  58% o f s im ila r  ch ild ren  
over 1 y e a r  have such  sym ptom s (Chanock e t a l. 1961; H olzel e t a l. 1965a; 
B erglund e t a l. 1965). Chanock and co lleagues (1961) in  an  addendum  mention* 
th re e  f a ta l  c a s e s  a sso c ia te d  w ith RS v iru s  in fe c tio n s  in  ch ild ren  u n d er 7 m onths 
and B eem  and c o -w o rk e rs  (I960) c ite  two f a ta l  c a s e s  aged 3 m onths and 1 y e a r  
re sp e c tiv e ly . S tudies in  both  h o sp ita l and g e n e ra l p ra c tic e  popula tions have 
shown th a t RS v iru s  i s  r a r e ly  iso la ted  f r o m  ch ild ren  w ithout r e s p ir a to ry  i l ln e s s  
and th e re  i s  am ple  ev idence th a t RS v iru s  is  a  cau se  o f  r e s p ir a to ry  i l ln e s s  in  
ch ild ren  (Chanock and P a r r o t t ,  1965a; H olzel e t a l . 1965a; MRC, 1965b). RS 
v iru s  in fe c tio n  o f  ch ild ren  o c c u rs  in  th e  p re se n c e  o f se ru m  n eu tra liz in g  ac tiv ity  
(Chanock e t a l. 1961; H am parian  e t a l. 1961a; K apikian e t a l . 1961a; Suto e t a l.
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1965). I f  th i s  n eu tra liz in g  ac tiv ity  is  sp e c if ic  antibody, and the w ork o f 
B eem  and co lleagues (1964) would suggest th a t i t  i s ,  then RS v iru s  in fec tio n  
can cau se  s e v e re  i l ln e s s  even in  the p re se n c e  o f  n eu tra liz in g  antibody. B eem  
(1965) h a s  prov ided  p ro o f  th a t re in fe c tio n s  do o ccu r by a re p o r t  on ten  ch ild ren  
having two se p a ra te  sym ptom atic  v iru s -sh e d d in g  in fe c tio n s  in  su ccess iv e  
seaso n s  o f  v iru s  p rev a len ce .
The two re p o r ts  o f ou tb reaks  o f  n a tu ra l RS v iru s  in fe c tio n s  in  ad u lts  
suggest th a t the v iru s  m ay cau se  a com m on co ld -lik e  syndrom e in  adu lts  
(Johnson e t a l. 1962c; H am re e t a l. 1966) but a num ber o f such in fe c tio n s  a re  
sy m ptom less. Inoculation o f adu lt v o lu n tee rs  h a s  a lso  produced  com m on 
co ld -lik e  sym ptom s even in  the p re se n c e  o f c irc u la tin g  antibody (Tohnson e t a l . 
1961; K rav e tz  e t a l. 1961).
T h e re  i s  one re p o r t  (B erkovich & K ib rick , 1964) o f a 2 -y e a r-o ld  child  and 
a m o th e r and h e r  new born in fa n t a ll having ra s h e s  in  a sso c ia tio n  w ith RS 
v iru s  in fe c tio n  but th e re  h a s  been  no co n firm a tio n  o f th is.
An a sso c ia tio n  betw een RS v iru s  in fec tio n  and ex acerb a tio n s  o f ch ron ic  
b ro n ch itis  h a s  been  suggested  by two re p o r ts .  In one, 17.4% o f acu te  r e s p i r a ­
to ry  i l ln e s s e s  o f  ch ron ic  b ro n c h itic s  w ere  a sso c ia te d  w ith RS v iru s  in fec tio n  
(C arilli, Gohd and Gordon, 1964). In the  o th e r se ro lo g ica l ev idence o f  RS 
v iru s  in fe c tio n  w as found in  a high p ro p o rtio n  o f  ad u lts  w ith re s p ir a to ry  i l ln e s s  
and 50% o f  th e se  in fe c tio n s  w e re  a sso c ia te d  w ith  acu te  exacerbations o f  ch ro n ic  
b ro n ch itis ; h o w ev er, f r o m  th e  data  g iven , i t  is  not p o ss ib le  to te ll  how m any
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s e ra  f r o m  ch ron ic  b ro n ch itic s  w e re  te s te d  (S om m erv ille , 1963). The m o re  
de ta iled  study o f R o ss  and co lleagues (1966) does no t, h o w ev er, c o n f irm  the  
im p o rtan ce  o f RS v iru s  in  th is  condition. In fec tio n  w ith RS v iru s  w as found 
in  only 3.5% o f acu te  ex ac erb a tio n s.
T h e re  i s  a  m ark ed  seaso n a l d is tr ib u tio n  o f  RS v iru s  ou tb reak s. M ost 
r e p o r ts  in d ica te  th a t the  peak  o f  o u tb reak s  in  both  ad u lts  and ch ild ren  o c c u rs  
in  w in te r o r  e a r ly  sp rin g . The la rg e  s tu d ie s  o f  Chanock and P a r r o t t  (L965a) 
have shown th a t such o u tb reak s o ccu r am ong in fa n ts  and young ch ild ren  every  
y e a r  in  W ashington and o th e r s tu d ie s  (Beem  e t a l. 1962; H olzel e t a l. 1965a) 
suggest th a t th is  i s  the  c h a ra c te r is t ic  p a tte rn  f o r  th is  v iru s  in  la rg e  u rb an  
com m unities . The only two re p o rte d  o u tb reak s o f  RS v iru s  in fe c tio n  in  
ad u lts  both  o c c u rre d  betw een  January  and M arch , 1961 (Johnson e t a l. 1962c; 
H am re e t a l. 1966). Sporadic c a s e s  o f RS v iru s  in fe c tio n  do o ccu r throughout 
the y e a r  bu t th e se  a r e  in fre q u e n t.
T h e re  a r e  s e v e ra l r e p o r ts  o f  an tigen ic  v a r ia tio n  am ong RS v iru s  s tra in s  
W u lff e t a l. 1964a; D oggett & T ay lo r-R o b in so n , 1965; C oates e t a l. 1966;
Suto e t a l . 1965) bu t d if f e r e n c e s  have not been  d em o n stra ted  u sing  hum an 
s e ra  and the  ep idem io log ica l s ig n if ic a n c e  o f  th e se  v a r ia n ts  i s  not c le a r .  B eem  
(1965) h a s  iso la ted  two RS v iru s  s t r a in s  f r o m  s e p a ra te  in fe c tio n s  o f  th e  sam e 
individual in  te n  in s ta n c e s  bu t w as no t ab le  to show th a t th e  p a ir s  o f  s tra in s  
w ere  d i f f e r e n t  and concluded th a t re in fe c tio n s  could not b e  explained on the  
b a s is  o f  s t r a in  v a ria tio n .
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R hin o v iru ses
T he in  v it ro  grow th o f rh in o v iru s  D.C. w as f i r s t  re p o rte d  in  1953 (A ndrewes 
e t a l. 1953) bu t could not b e  rep e a te d  un til 1962 (T y rre ll e t a l. 1962). The f i r s t  
m em b er o f the rh in o v iru s  group to be ex tensive ly  stud ied  w as o rig in a lly  c la s s i ­
f ie d  a s  ech o v iru s  28 (P r ic e ,  1956; P e lo n , M ogabgab, P h illip s  and P ie r c e ,  
1957). T he d isco v e ry  th a t s e v e ra l com m on cold v iru s e s  would p roduce a 
cy topath ic e f f e c t  in  t is s u e  c u ltu re s  u n d er a p p ro p ria te  conditions (T y rre ll and 
P a rs o n s , 1960) h a s  led  to  the  iso la tio n  o f  m any se ro ty p es  o f  th e  rh in o v iru s  
group.
Iso la tio n s  o f  rh in o v iru se s  have been  re p o rte d  f r o m  s e v e ra l c e n tre s  in  
the U.S.A. and B rita in  (H am parian , K e tle r  and H illem an , 1961b; H am re and 
P rocknow , 1961; Johnson e t a l . 1962a; MRC, 1965b) and an tibod ies ag a in st M 
rh in o v iru se s  have been  found in  s e ra  co llec ted  f r o m  15 d if f e r e n t  co u n trie s  
(T ay lo r-R ob inson , 1965) suggesting  a w ide geog raph ica l d is tr ib u tio n  o f th e se  
v iru s e s .
R h inov iru s in fe c tio n s  a r e  m o re  com m on in  ad u lts  w ith re s p ir a to ry  d is e a se  
than  c h ild re n  w ith s im ila r  sym ptom s. T h ese  v iru s e s  have been  iso la ted  f r o m  
3 -  4% o f c h ild ren  w ith r e s p ir a to ry  i l ln e s s  and 6 -  14% o f  ad u lts  in  th e  sam e 
su rv ey s  (Bloom e t a l. 1963; MRC, 1965b; H iggins e t a l. 1966). H ow ever, 
the in fe c tio n  r a te  in  ad u lts  i s  p robab ly  h ig h e r (H am parian , L eag u s, H illem an 
and S tokes, 1964; H am re  e t  a l. 1966). S tudies on th e  fre q u e n c y  o f  an tibod ies 
a g a in s t rh in o v iru se s  su g g est th a t d i f f e r e n t  se ro ty p e s  m ay behave d if fe re n tly .  
Johnson and R osen  (1963) found  n eu tra liz in g  an tibod ies a g a in s t rh in o v iru s  11757
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in  l e s s  than 15% o f ch ild ren  u nder 15 y e a rs  but the p ro p o rtio n  in c re a se d  with 
in c re a s in g  age so th a t 80% o f ad u lts  o v e r 40 y e a rs  p o sse sse d  antibody. In 
c o n tra s t ,  rh in o v iru s  1734 an tibod ies w ere  p re s e n t in  30 -  60% o f p e rso n s  o v e r
1 y e a r  old and showed l i t t le  change w ith in c re a s in g  age. N eu tra liz ing  
antibody a g a in s t rh in o v iru se s  HGP and B632 w as found m o re  o f te n  w ith in ­
c re a s in g  age (Schild and Hobson, 1962).
C iv ilian  popula tions liv ing  a t hom e have been  studied  f o r  rh in o v iru s  
in fe c tio n s  bu t r e s u l ts  v a ry . In e a r ly  r e p o r ts  (Hobson and Schild, 1960;
T y r re l l  and Bynoe, 1961) rh in o v iru s - lik e  ag en ts  w ere  iso la ted  f ro m  30% and 
16% o f co lds. In la rg e r  s tu d ie s  o f  in d u s tr ia l w o rk e rs  rh in o v iru se s  w ere  
iso la ted  f r o m  11% and 19% o f ad u lts  w ith acu te  re s p ir a to ry  il ln e s s  and f ro m  
1% and 2% o f sy m p to m less  co n tro ls  (H am parian  e t a l. 1964; Gwaltney and 
Jordon, 1964). S lightly lo w er rh in o v iru s  iso la tio n  r a te s  w ere  found in  ad u lts  
in  two B r it is h  s tu d ie s  (MRC, 1965b; H iggins e t a l. 1966). In ch ild ren  a t hom e, 
rh in o v iru se s  have been  found in  3 -  5% o f th o se  w ith re s p ir a to ry  il ln e s s  and
2 -  3% o f  those  w ithout (H am parian  e t a l. 1964; MRC, 1965b; H iggins e t a l.
1966).
S evera l s tu d ie s  on U n ivers ity  studen ts  (H am parian  e t a l. 1964; Gwaltney 
and Jo rdan , 1966; P h illip s  e t a l. 1965b; H am re  e t a l. 1966) r e p o r t  iso la tio n s  
o f  rh in o v iru se s  f r o m  9 -  32% o f acu te  r e s p ir a to ry  i l ln e s s e s  and f ro m  only 
1 -  3% o f  co n tro l c a se s .
T h re e  r e p o r ts  (Chanock and P a r r o t t ,  1965a; MRC, 1965b; P o rtn o y ,
E c k e r t and S a lv a to re , 1965) suggest th a t rh in o v iru se s  m ay b e  iso la ted  f ro m
3 -  4% o f  ch ild ren  in  h o sp ita l w ith r e s p ir a to ry  il ln e s s .
A study o f R .A .F . r e c r u i t s  (P e re ir a ,  H am bling, M cDonald and Z u ck e rm an ,
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1963) re v e a le d  rh in o v iru s  in fec tio n  in  23% o f those  w ith colds. In the la rg e r  
su rvey  o f B loom  and a s s o c ia te s  (1963) in  m a rin e  co rp s  p erso n n e l and th e ir  
ch ild ren , rh in o v iru se s  w ere  found in  20% o f m en w ith a fe b r i le  r e s p ira to ry  
d ise a se  and 5% o f those  w ith no re s p ir a to ry  il ln e s s  when the m en w ere  u n d e r­
going ex tensive  tra in in g  a s  a  sem ic lo sed  population. R h in o v iru ses  w ere  
iso la ted  le s s  o fte n  f ro m  m en liv ing  u nder conditions s im ila r  to c iv ilian  
populations.
In a su rv ey  o f re s p ir a to ry  i l ln e s s  a t  a  board ing  school K endall, Bynoe and 
T y r re l l  (1962) iso la ted  18 rh in o v iru se s  f ro m  59boys.
T he a sso c ia tio n  o f  th is  group o f v iru s e s  w ith com m on co lds in  ad u lts  is  
w ell e s tab lish ed  both  f ro m  highly  s ig n if ic a n t d if f e r e n c e s  betw een iso la tio n  
r a te s  f r o m  p e rso n s  w ith co lds and th o se  w ithout (Bloom e t a l. 1963; H am parian  
e t a l. 1964; H am re  e t a l. 1966) and a lso  f r o m  v o lu n tee r ex p erim en ts  (C ate, 
Couch and Johnson, 1964; T ay lo r-R o b in so n  and Bynoe, 1964). The v o lu n teer 
ex p erim en ts  p rov ided  ev idence th a t sp e c if ic  antibody p ro tec ted  a g a in s t r e in ­
fe c tio n  and il ln e s s  bu t only p a r tia lly . T h e re  is  a lso  evidence (F le e t, Couch, 
C ate and K night, 1965) th a t rh in o v iru s  in fe c tio n  induced a n o n -sp e c if ic  r e s i s ­
tance  to  f u r th e r  h e te ro lo g o u s in fe c tio n  la s tin g  betw een 2 and 5 w eeks. It 
h as  been  shown th a t a rh in o v iru s  can  cau se  trac h eo b ro n ch itis  in  adu lt v o lu n tee rs  
when they a r e  in fe c te d  by inhala tion  o f v iru s  in  a  sm a ll p a r tic le  a e ro so l (Cate 
e t a l. 1965); and th e re  is  o u r own evidence th a t, u nder n a tu ra l conditions, 
rh in o v iru se s  m ay in fe c t  the lo w er re s p ir a to ry  t r a c t  o f  ad u lts  w ith ch ron ic
b ro n c h itis  (E ad ie, S tott and G r is t ,  1966).
The im p o rtan ce  o f rh in o v iru se s  in  re s p ir a to ry  d ise a se  in  ch ild ren  i s  l e s s  
c le a r . T h e re  a r e  s ig n if ic a n t d if f e re n c e s  in  v iru s  iso la tio n  r a te s  betw een 
ch ild ren  w ith re s p ir a to ry  i l ln e s s  and th o se  w ithout (Bloom e t a l. 1963) bu t 
sy m p to m less  in fe c tio n s  ap p e a r to  b e  m o re  com m on in  ch ild ren  than adu lts . 
Although rh in o v iru se s  a r e  found in  3 -  4% o f ch ild ren  in  h o sp ita l w ith se v e re  
r e s p ir a to ry  i l ln e s s ,  P o rtnoy  and co lleagues (1965) have found  se ro lo g ica l 
evidence o f  sim u ltaneous in fec tio n  w ith e i th e r  RS v iru s  o r  p a ra in flu en za  
v iru s e s  or both in  5 (38%) o f  13 such c a se s . H ow ever, the h o sp ita l ch ild ren  
w ith rh in o v iru s  in fe c tio n s  studied  by H am parian  and a s s o c ia te s  (1964) had no 
evidence o f in fe c tio n  by o th e r ag en ts. T h e re  i s  one re p o r t  (H olzel, Smith 
and Tobin, 1965b) o f  3 in fa n ts  w ith m en ingo -encepha litis  a s so c ia te d  with 
rh in o v iru s  in fe c tio n , bu t the  s ig n if ican ce  o f  th is  fin d in g  is  not y e t c le a r .
When iso la tin g  rh in o v iru se s  f r o m  n a sa l w ash ings, conventional t is s u e  
c u ltu re  techn iques m ay d e tec t le s s  than  h a lf  the  rh in o v iru se s  w hich can be 
detected  by th e  u se  o f  o rg an  c u ltu re s  o f  hum an em bryo  tra c h e a  (T y rre ll and 
B ynoe, 1966). T h u s, the  im p o rtan ce  o f  rh in o v iru se s  in  hum an re s p ir a to ry  
d ise a se  i s  p robab ly  g re a te r  than  p re s e n t e s tim a te s  suggest.
A lthough rh in o v iru se s  m ay be iso la ted  th roughout the  y e a r  th e re  is  
evidence th a t peak  p rev a len ce  o c c u rs  in  the sp rin g  (Spigland e t a l. 1966) o r  in  
the sp rin g  and autum n (Bloom e t a l . 1963; H am re  e t a l . 1966). Some se ro ty p e s , 
p a r tic u la r ly  M s t r a in s ,  m ay o ccu r in  sh a rp  o u tb reak s and then  d isa p p e a r f ro m
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a com m unity , o th e r types  o ccu r sp o rad ica lly  o v er long p e rio d s  o f  tim e  
(H am re e t a l. 1966; M ufson , B loom , F o rsy th  and Chanock, 1966). One 
re p o r t  sug g ests  th a t M s tra in s  a r e  iso la ted  m o re  fre q u e n tly  in  the  autum n 
and H s tra in s  m o re  o f te n  in  the sp rin g  (Bloom e t a l. 1963).
A t p re se n t th e re  ap p ea r to be a t le a s t  80 d i f f e r e n t  se ro ty p es  o f  hum an 
rh in o v iru se s  (H am parian , 1966) and it  is  not ye t p o ssib le  to decided 
w hether som e se ro ty p es  a r e  m o re  im p o rtan t than  o th e rs . C ontro lled  
s tu d ie s  have shown th a t a num ber o f individual se ro ty p es  a r e  s ig n ifican tly  
a sso c ia te d  w ith re s p ir a to ry  d is e a se  (Johnson, B loom , F o rsy th  and Chanock, 
1965; M ufson e t a l . 1966).
In conclusion , i t  m ay be  sa id  th a t w h e reas  12 y e a rs  ago l i t t le  w as known 
o f the cau se  o f  m o st re s p ir a to ry  d is e a s e  o th e r  than  in flu e n z a , i t  i s  now 
p o ssib le  to iso la te  v iru s e s  f r o m  o v er 30% o f such il ln e s s e s .  Im provem en ts 
in  technique m ay p e rm it the  iso la tio n  o f known v iru s e s  f ro m  a h ig h e r 
p ro p o rtio n  o f  i l ln e s s e s  and th e re  i s  evidence th a t th e re  a r e  o th e r r e s p i r a ­
to ry  v iru s e s  only re c e n tly  iso la ted  o r  not ye t iso la ted  w hose im p o rtan ce  is  
unknown (T y rre ll ,  1964; T y r re l l  and B ynoe, 1965; H am re  and P rocknow , 
1966; H oorn and T y r r e l l ,  1966). D esp ite  the g re a t advances m ade in  
re c e n t y e a rs  know ledge o f the sp idem iology o f m any re s p ir a to ry  v iru s  
d is e a s e s  is  s t i l l  incom plete .
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CHAPTER 9
ADULTS AND CHILDREN AT HOME 
AND AT WORK
The w ork  d esc rib e d  in  th is  ch ap te r f a l l s  into two m ain  p a r ts :
(a) a co m p ara tiv e  study o f ch ild ren  w ith acu te  re s p ir a to ry  i l ln e s s  and th e ir  
sy m p to m less  co n tac ts  which w as p a r t  o f  a co llab o ra tiv e  su rv ey  o rg an ised  
by the M edical R e se a rc h  Council.
(b) a study o f  acu te  re s p ir a to ry  i l ln e s s  in  ch ild ren  and adu lts .
A ll the  th ro a t and n asa l spec im ens w ere  co llec ted  and te s te d  in  t is s u e  
c u ltu re s  o f RMK, BH and HEKF a s  d e sc rib e d  in  C h ap te rs  2 and 3. Many 
sp ec im en s , h o w ev er, had been  p re se rv e d  a t  -70°C  f o r  som e m onths b e fo re  
they w ere  te s te d  in  HEKF. No blood s e ra  w ere  co llec ted .
C om para tive  Study o f C hild ren  w ith A cute R e sp ira to ry  I lln e ss  
and th e ir  Sym ptom less C ontacts
T hroughout the  perio d  N ovem ber 1962 to May 1963, 33 f a m i l ie s ,  each w ith 
a t le a s t  two c h ild ren  u nder 15 y e a r s ,  in  th e  p ra c t ic e s  o f  f iv e  g en e ra l p ra c tit io n e rs  
w ere  asked  to  n o tify  th e ir  d o c to r o f any acu te  r e s p ir a to ry  i l ln e s s  in  th e ir  
ch ild ren . The g en e ra l p ra c ti t io n e r  then  v is ite d  th e  fa m ily  and took spec im en s 
f ro m  th e  s ick  child  (case) and f ro m  th e  child  in  th e  sam e  household  n e a re s t  
in  age  to  the i l l  ch ild , who who had not had any re s p ir a to ry  sym ptom s f o r  a t 
le a s t  one w eek (contact.) The spec im en s w ere  co llec ted  w ithin th re e  days o f
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the onset o f il ln e s s  o f the  ca se  and w ere  tra n sp o r te d  to the la b o ra to ry  a s  
soon a s  p o ssib le  (4 -  24 h o u rs). The fa m ily  rece iv ed  a second v is it  f ro m  
the  d o c to r s e v e ra l days la te r  to a s s e s s  the  f in a l  d iagnosis  o f  the  c a se  and 
the  h ea lth  o f the  contact.
A to ta l o f  31 p a i r s  o f c a s e s  and co n tac ts  w ere  investiga ted  betw een 
N ovem ber 1962 and A pril 1963. A sum m ary  o f th e  age and sex com position  
o f  the  group studied  and the  v iru s e s  iso la ted  is  shown in  T able 9.1.
T en  o f  th e  31 co n tac ts  b ecam e il l  w ithin seven  days o f the  spec im ens 
being co llec ted : f o u r  had a cough, f iv e  a com m on cold and one had m e a s le s .
R h in o v iru ses  w e re  iso la ted  f ro m  two o f  the co n tac ts  who developed co lds 
a f t e r  fo u r  and f iv e  days re sp e c tiv e ly  and f ro m  the con tac t who developed 
m e a s le s  a f t e r  seven  days. The fo u r th  con tac t f r o m  whom a rh in o v iru s  w as 
iso la ted  had la s t  had re s p ir a to ry  sym ptom s 12 days p rev iously .
T he i l ln e s s e s  o f  the  31 c a s e s  co m p rised  22 com m on co ld s, seven  f e v e r is h  
co lds and two in f lu e n z a - lik e  i l ln e s s e s . T h re e  rh in o v iru se s  and the  RS v iru s  
w ere  iso la ted  f ro m  com m on co lds and one rh in o v iru s  f ro m  a f e v e r is h  cold.
T he RS v iru s  w as iso la ted  f r o m  a  3 y e a r-o ld  m a le , w ith a com m on cold. 
The two o ld e r  s i s te r s  o f  th is  th re e -y e a r  old child  had no re s p ir a to ry  sym ptom s 
but a  b ro th e r  o f  six  m onths developed b ro n c h itis  two days la te r .
T he ag es  o f  the  eight ch ild ren  f r o m  whom rh in o v iru se s  w ere  iso la ted  
ranged  f r o m  2 to  13 y e a r s  w ith an  av e ra g e  o f  5.1; th re e  w e re  m a le  and f iv e  
fe m a le .
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The m onthly d is tr ib u tio n  o f the  c a s e s ,  con tac ts  and v iru s e s  iso la ted  is  
shown in  T ab le  9.2.
T h e re  w ere  two occasio n s on w hich rh in o v iru se s  w ere  iso la ted  f ro m  
both the c a se  and i ts  contact. On both  o ccasions  the  v iru s e s  w e re  id e n tif ied  
se ro lo g ica lly  and both  ca se  and con tact w e re  found to have th e  sam e sero ty p e : 
179E in  one p a i r ,  and 1767-65 in  th e  o th e r. None o f  the  o th e r 4 rh in o v iru se s  
iso la ted  w ere  n e u tra liz ed  by th e  40 availab le  a n tis e ra .
In conclusion , rh in o v iru se s  w ere  iso la ted  f ro m  13% o f  ch ild ren  betw een 
2 and 13 y e a rs  o ld , bu t no convincing evidence w as found to  in d ica te  th e ir  
cau sa tiv e  ro le  in  acu te  r e s p ir a to ry  d ise a se  s in ce  v iru s e s  w e re  iso la ted  w ith 
the sam e fre q u e n c y  f r o m  ch ild ren  w ith r e s p ir a to ry  i l ln e s s  and f ro m  th e ir  
co n tac ts  who w ere  sym p to m less  a t  the  tim e  o f  spec im en  co llec tion .
A cute R e sp ira to ry  I lln e ss  in  A dults and C hild ren
M ost o f  the p a tien ts  co n sid ered  in  th is  sec tion  w ere  m e m b ers  o f the 
la b o ra to ry  s t a f f  o r  th e ir  f a m ilie s  who had  co lds. A num ber o f the  ch ild ren  
w ere  p a tie n ts  v is ite d  by a  g e n e ra l p ra c ti t io n e r  o r  public h ea lth  d ep artm en t 
s t a f f ,  d u ring  th e  in v estig a tio n  o f  two ou tb reak s o f  r e s p ir a to ry  i l ln e s s  w hich 
o c c u rre d  in  F e b ru a ry , 1962 and January  1966. Both o u tb reak s  w ere  due to 
in flu en za  B v iru s .
A to ta l o f  56 ep iso d es  in  ad u lts  and 61 in  ch ild ren  u nder 16 y e a rs  w ere  
investiga ted . T h irty  v iru s e s  w e re  iso la ted  f ro m  ad u lts  and 24 f r o m  ch ild ren .
D e ta ils  o f  the  v iru s  iso la tio n s  by age a r e  shown in  T able 9.3. The high
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iscfetion r a te  (26%) o f in flu en za  B f ro m  ch ild ren  is  la rg e ly  due to th e  f a c t  
th a t h a lf  th e  ep isodes  in vestiga ted  o c c u rre d  during  the  two p e rio d s  when 
in flu en za  B w as p rev a len t. R h in o v iru ses  w ere  iso la ted  f ro m  six  (L0%) o f 
the ep isodes  in  ch ild ren  and 24 (43%) o f  those  in  adu lts . The rh in o v iru s  
iso la tio n  r a te  w as h ig h e r in  ad u lts  betw een 16 and 30 y e a rs  (53%) than  in  
those  betw een 31 and 45 y e a rs  (33%).
The sex d is tr ib u tio n  o f the v iru s  iso la tio n s  shows l i t t le  d if fe re n c e  
betw een th e  sex es  (Table 9.4).
In ad u lts  a l l  the rh in o v iru se s  w ere  iso la ted  f ro m  co lds o r  s o re  th ro a ts  
and a l l  the in flu en za  v iru s e s  w ere  iso la ted  f ro m  in f lu e n z a -lik e  il ln e s s e s  
(Table 9.5). In ch ild ren  a ll the  rh in o v iru se s  w ere  again  iso la ted  f ro m  co ld s , 
but in flu en za  v iru s e s  w ere  iso la ted  a lm o s t a s  o f te n  f ro m  co lds (26%) a s  f ro m  
in f lu e n z a - lik e  i l ln e s s e s  (33%).
The m onthly d is tr ib u tio n  o f the  v iru s  iso la tio n s  inc ludes f ig u re s  f o r  o v er 
4 y e a rs  (Table 9.6). In fluenza  v iru s e s  w e re  iso la ted  only d u ring  January  and 
F e b ru a ry  bu t rh in o v iru se s  w ere  iso la ted  throughout the  y e a r  excep t du ring  
January , July and A ugust. T he ab sen ce  o f rh in o v iru s  iso la tio n s  in  January  is  
notew orthy bu t the  r e s u l t s  f o r  July and A ugust could b e  due to  the  sm a ll 
num ber o f  ep iso d es  investiga ted .
The d u ra tio n  o f  i l ln e s s  betw een the f i r s t  ap p ea ran ce  o f r e s p ira to ry  
sym ptom s and co llec tion  o f the f i r s t  spec im ens w as u su a lly  le s s  than 
fo u r  days. The to ta l v iru s  iso la tio n  r a te  w as a lm o st the sam e w hether 
the d u ra tio n  o f il ln e s s  w as 1 -  3 o r  4 -  7 days (Table 9.7). The rh in o v iru s  
iso la tio n  r a te  w here  du ra tio n  o f  il ln e s s  w as 4 - 7  days (30%) w as s ligh tly  
h ig h e r than th e  r a te  when the d u ra tio n  w as le s s  (22%).
F u r th e r  in fo rm a tio n  about rh in o v iru s  shedding w as obtained f ro m  13 
rh in o v iru s-p o s itiv e  ep isodes  f r o m  w hich s e r ia l  spec im ens w ere  obtained 
a t  3 -  7 day in te rv a ls  a s  long a s  co ry za  p e rs is te d . The r e s u l t s  o f  the 
exam ination  o f 35 spec im ens f ro m  th e se  13 ep isodes in d ica te  th a t rh in o -  
v iru s e s  could b e  iso la ted  f ro m  a co n sis ten tly  high p ro p o rtio n  o f  spec im ens 
up to 14 days a f t e r  onse t o f i l ln e s s  (Table 9.8). I f  the  av e ra g e  num ber o f 
days f o r  a spec im en  to show e a r l ie s t  cytopathic e f f e c t  i s  taken  a s  a  crude  
e s tim a te  o f  the quantity  o f v iru s  in  the spec im en , th e re  is  a  suggestion  
th a t the  am ount o f  v iru s  shed d e c re a se d  w ith lo n g e r d u ra tio n  o f  il ln e s s . 
Sym ptom s p e rs is te d  f o r  l e s s  than a w eek in  two o f the  13 ep isodes: in  one, 
v iru s  w as iso la ted  f ro m  two spec im en s taken  a t  1 and 5 days re sp e c tiv e ly  
and in  the o theij v iru s  w as iso la ted  f r o m  a spec im en  taken  a t  3 d ay s , bu t 
not f r o m  m a te r ia l  co llec ted  a t 1 day. Sym ptom s p e rs is te d  f o r  7 - 1 4  days 
in  seven  ep iso d es; rh in o v iru se s  w ere  iso la ted  f ro m  f iv e  o f  eight spec im en s
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taken  7 days o r  m o re  a f t e r  the onse t o f  th e se  ep isodes. The rem ain in g  
fo u r  ep isodes  la s te d  m o re  than 2 w eeks; spec im ens co llec ted  14 days 
a f t e r  o n se t f r o m  th re e  o f th e se  ep isodes a ll  y ie lded  rh in o v iru se s .
Seventeen o f  the 30 rh in o v iru se s  iso la ted  w ere  id e n tif ied  by n eu tra liz a tio n  
te s t s  u s ing  the 40 availab le  a n tis e ra . The 17 s tr a in s  belonged to  14 s e ro ­
types: two each  o f types 68, 16/60 and FEB and one each  o f types B632, 
4574-62 , 1059, 363, 409-62 , 4704-62, 1647-63, 1833-63, 4462-63, 1192-65, 
1767-65.
T h e re  w e re  six  ad u lts  f r o m  whom rh in o v iru se s  w e re  iso la ted  during  
two o r  m o re  s e p a ra te  ep isodes, (Table 9.9). E ach ep isode w as shown to 
be  due to  a d i f f e r e n t  se ro ty p e , excep t f o r  two ep iso d es  o f ad u lts  I and 6 
w h ere  the v iru s e s  w e re  untyped and d if f e re n c e s  could not th e re fo re  be 
p roved.
T h e re  w ere  f iv e  in s ta n c e s  am ong the la b o ra to ry  w o rk e rs  and one in  a 
fa m ily  w here  the  o n se t o f  a  cold in  one ind ividual o c c u rre d  during  a cold in  
an o th er indiv idual who liv ed  o r  w orked in  c lo se  p ro x im ity , and w here  
rh in o v iru se s  w e re  iso la ted  f ro m  both  ind iv iduals. I t w as thought th a t th e re  
m ight b e  som e evidence o f v iru s  sp read  in  th e se  in s ta n c e s ; bu t am ong the 
la b o ra to ry  w o rk e rs  the two v iru s e s  iso la ted  w ere  d i f f e r e n t  in  fo u r  in s ta n c e s  
and w ere  both  untyped in  the o th e r. In th e  fa m ily  ou tb reak  type 1833-63 
w as iso la ted  f r o m  the  f a th e r  bu t untyped v iru s e s  w ere  iso la ted  f r o m  the 
m o th e r and tw o -y ea r-o ld  son.
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CHAPTER 10 
ADULTS WITH CHRONIC BRONCHITIS 
V iro log ical s tu d ies  w ere  designed  to  in v estig a te  the  ro le  o f r e s p ira to ry  
v iru s e s  in  the  in itia tio n  o r  ex acerbation  o f  ch ron ic  b ro n ch itis . T hese  s tud ies  
f a l l  into th re e  p a r ts :
(a) a study o f 15 ch ron ic  b ro n c h itic s  and th e ir  f a m ilie s  la s tin g  
2 \  y e a r s ,
(b) a study o f rh in o v iru se s  in  29 ch ron ic  b ro n ch itic s  la s tin g  4 
m on ths,
(c) th e  exam ination  o f m a te r ia l f r o m  b ro n ch ia l b io p s ie s .
F if te e n  C hronic B ro n ch itic s  and th e ir  fa m ilie s  
F if te e n  p a tien ts  who w ere  liv ing  a t hom e and who had ch ron ic  b ro n c h itis , 
a s  d e fin ed  by  Scadding (1959), w ere  se lec ted  on the b a s is  o f two m ain  c r i te r ia :
(i) th a t they  would be  lik e ly  to  c o -o p e ra te  e f fe c tiv e ly  and (ii) th a t th e re  would 
be  o th e r p e rs o n s , p re fe ra b ly  ch ild ren , in  the fa m ily  who would in c re a se  the  
likelihood  o f v iru s  in fe c tio n s  being  in troduced  into the household. In o rd e r  
to c o n f irm  d iagnosis  and to  e s tab lish  th e ir  in itia l condition , the p a tien ts  w ere  
exam ined clin icaH y by D r. M.B. E adie. An augm ented fo rm  o f  the  s tandard  
sh o rt q u es tio n n a ire  (MRC, 1960) w as com pleted  f o r  each  o f the 15 p a tien ts  
and they  w ere  asked  to n o tify  the  la b o ra to ry  o f  any acu te  re s p ir a to ry  il ln e s s  
o f  th e m se lv es  o r  o f th e ir  fa m ily  con tac ts .
143
Eight m a le s  and seven  fe m a le s  aged f ro m  29 to 76 y e a rs  w ere  accep ted  
f o r  the  study. The d u ra tio n  o f th e ir  b ro n c h itis  v a r ie d  betw een 2 and 32 y e a rs
and they have been  d is tr ib u ted  acco rd ing  to the MRC c la s s if ic a t io n  (MRC,
1965a) and q u estio n n a ire  (MRC, 1960) in  T ab les  10.1 and 10.2. T h ere  w ere
41 fa m ily  c o n tac ts , 16 le s s  than  10 y e a rs  o f  age.
The b ro n ch itic s  w ere  v is ite d  in  th e ir  own hom es ev ery  fo r tn ig h t o r  m o re  
o f te n  when they  gave notice o f an  acu te  re s p ir a to ry  il ln e s s  in  the household. 
Each r e s p ir a to ry  ep isode w as investiga ted  v iro lo g ica lly  by the co llec tion  o f 
a n a sa l w ash ing , th ro a t swab and , w here  p o ss ib le , sputum . Blood s e ra  w ere  
co llec ted  f ro m  the  b ro n ch itic s  only a t in itia l en ro lm en t, in  p a i r s  re la te d  to 
ep isodes o f il ln e s s  du ring  the f i r s t  1% y e a r s ,  and a t  the  beginning (October) 
and end (A pril) o f th e  1963-64 w in te r. Specim ens f o r  v iru s  iso la tio n  w ere  
exam ined in  tis s u e  c u ltu re s  a s  d e sc rib e d  in  C hap ter 2 , although s e v e ra l o f 
the rh in o v iru se s  w ere  only iso la ted  when specim ens w e re  re -ex am in ed  in  
HEKF a f t e r  f re e z in g  a t  -70°C . The p a ire d  blood s e ra  w e re  te s te d  f o r  
com plem ent f ix in g  an tibod ies to  in flu en za  A , B and C , ad enov iru s group 
and RS v iru s  by D r. R oss.
D uring th e  perio d  January  1962 to  June 1964, 94 ep isodes o f re s p ir a to ry  
il ln e s s  w e re  in v estig a ted , 19 in  fa m ily  co n tac ts  and 75 in  ch ron ic  b ro n ch itic s . 
T en  o f the 15 b ro n c h itic s  w ere  observ ed  f o r  2% y e a r s ,  fo u r  f o r  1% y e a rs  and 
one f o r  1 y e a r . The av e ra g e  num ber o f  i l ln e s s e s  p e r  b ro n ch itic  p e r  y e a r  
w as 2 .5 , ran g in g  f ro m  0 to 7.8.
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The il ln e s s e s  w ere  d esc rib e d  on c lin ica l ev idence, b e fo re  any la b o ra to ry  
r e s u l ts  w e re  known, a s  fo llow s:
(1) Cold. U pper re s p ir a to ry  t r a c t  in fe c tio n  with p redom inating  
rh in i t is  and phary n g itis . Such co lds could b e  subdivided into:
(a) th o se  w hich did not a f f e c t  the  ch e s t o r  only caused  sligh t 
in c re a s e  in  w heeze and cough and no incapacita tion .
(b) th o se  w hich w ere  a sso c ia te d  w ith an  ex acerb a tio n  o f  b ro n ch itis .
(2) In flu e n z a -lik e  i l ln e s s . G enera lised  a c h e s , f e v e r  and headache 
w ith o r  w ithout u p p er re s p ir a to ry  t r a c t  sym ptom s.
(3) E xacerbation . M arked in c re a s e  in  dyspnoea, w heezing and cough 
o f a t le a s t  24 h o u rs  du ration . T h is  group included c a se s  o f  acu te  
ex ac e rb a tio n , subacu te ex acerb a tio n  and acu te  w orsen ing  o f  ch ron ic  
d e te rio ra tio n . The la t te r  subd iv ision  included s e v e ra l o ld e r  p a tien ts  
who showed an  in c re a se  in  s igns o r  sym ptom s during  a slow  d e te r io ra tio n  
o v e r the w in te r m on ths, the tim e  o f  ’onset* being  d if f ic u l t  to d e te rm in e . 
The c la s s if ic a t io n  and v iro lo g ica l r e s u l ts  o f the 94 ep isodes investiga ted
a r e  shown in  T ab le  10.3. The types o f spec im en s rece iv ed  f o r  v iru s  is o la ­
tion  f r o m  the 75 ep isodes  in  the  b ro n ch itic s  a r e  shown in  T ab le  10.4 and 
f ro m  th e  fa m ily  co n tac ts  in  T ab le 10.5.
V iru se s  w e re  iso la ted  f ro m  seven  spec im en s f ro m  f iv e  o f 19 ep isodes 
in  th e  fa m ily  contacts ', a ll f iv e  w ere  in  ch ild ren .
O f the  19 il ln e s s e s  in  fa m ily  co n tac ts  only eight had a da te  o f onset 
w ith in  two w eeks o f  the  s ta r t  o f  an  ep isode in  the  fa m ily  b ro n ch itic . In
two o f th e se  eight the sam e v iru s  w as re c o v e re d  f r o m  both b ro n ch itic  and 
con tact (one p a ra in flu en za  type 1 and one rh in o v iru s  1647-63).
R e sp ira to ry  v iru s e s  consid ered  re le v a n t w ere  iso la ted  f ro m  13 r e s p i r a ­
to ry  ep isodes o f the b ro n ch itic s : f ro m  one o f 26 ex ac e rb a tio n s , f ro m  11 o f
42 co lds and f ro m  one o f  seven  in f lu e n z a -lik e  i l ln e s se s . Inclusion  o f th re e  
accep tab le  se ro lo g ica l r e s u l ts  (fo u rfo ld  o r  g re a te r  t i t r e  r is e s )  ra is e d  the 
p ro p o rtio n  o f  id e n tif ia b le  v iru s  in fe c tio n s  to 16 (21%) o f 75 il ln e s s e s  in  
b ro n ch itic s . F o u r o f  th e se  w ere  a ttr ib u ta b le  to m yxov iru ses  and the r e s t  
to rh in o v iru se s . The la t te r  w e re  iso la ted  f ro m  11 o f  47 (23%) il ln e s s e s  
a f fe c t in g  th e  ch es t f ro m  only one o f  28 (4%) o th e r i l ln e s se s . The
rh in o v iru se s  w ere  iso la ted  f ro m  seven  o f the  15 b ro n c h itic s : f r o m  th re e
se p a ra te  i l ln e s s e s  o f one b ro n c h itic , f r o m  two il ln e s s e s  o f  th re e  and f ro m  
sing le  i l ln e s s e s  o f th re e  p a tien ts . The seven  b ro n c h itic s  who had rh in o ­
v iru s  in fe c tio n s  tended to  b e  y ounger, have m o re  fa m ily  co n tac ts  u nder 10 
y e a r s ,  and a  lo w er M .R.C. phlegm  p roduction  g rad e  than  th e  rem a in in g  
eight b ro n c h itic s  who had no rh in o v iru s  in fec tio n s .
The m onthly d is tr ib u tio n  o f  i l ln e s s  and v iru s  in fe c tio n s  in  the ch ron ic  
b ro n c h itic s  (Fig. 10.1) in d ica te s  th a t m o st ex ace rb a tio n s  and rh in o v iru s  
in fe c tio n s  o c c u rre d  in  the  sp rin g  and autum n m onths.
R h in o v iru ses  w e re  iso la ted  f ro m  the  sputum  in  f iv e  c a s e s  in  two o f 
w hich a th ro a t swab co llec ted  24 h o u rs  o r  im m ed ia te ly  b e fo re  the sputum  
y ie lded  no v iru s . T itra tio n s  o f  v iru s  in  the sp u tu m -tra n sp o rt m edium
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hom ogenate o f  th re e  spec im ens w ere  m ade in  RH EK F-35 c e lls  using  
f iv e  tubes p e r  te n -fo ld  dilution. T i tr e s  o f  v iru s  in  the o rig in a l spu ta  
w ere  2.1, 3.1 and 4.3 log  TCD /m l.
The antibody re sp o n se s  o f the seven  p a tien ts  to th e ir  12 rh in o v iru s  
in fe c tio n s  a r e  shown in  T ab les 10.6 to  10.12. In two c a s e s  (T ables 10.6 
and 10.9) rh in o v iru s  in fec tio n  o c c u rre d  in  the p re se n c e  o f de tec tab le  
hom ologous antibody; both ep isodes w e re  a sso c ia te d  w ith exacerab a tio n s . 
F o u rfo ld  o r  g re a te r  t i t r e s  r i s e s  w ere  found in  a l l  in fe c tio n s  excep t two 
(T ab les 10.8 and 10.10) bu t even th e se  showed a  m e asu ra b le  antibody re sp o n se . 
One w as a sso c ia te d  w ith a cold w hich did not a f f e c t  the ch e s t and th e  o th e r 
w ith an  ex acerb a tio n  w ith no u p p er re s p ir a to ry  sym ptom s. In a ll  c a se s  
w here  th e re  w as a fo u r fo ld  o r  g re a te r  antibody t i t r e  r i s e ,  n eu tra liz in g  
antibody w as s t i l l  p re se n t a t  the  end o f th e  study w hich in  som e c a s e s  w as 
a lm o s t two y e a rs  a f t e r  the in fec tio n . In the two c a s e s  in  w hich th e  h ighest 
antibody le v e ls  reac h ed  w ere  g re a te r  than  256 th e re  w as no s ig n if ican t drop  
in  t i t r e  a f t e r  o v er 18 m onths (Table 10.6) o r  a lm o s t two y e a rs  (Table 10.9). 
F iv e  o f  th e  six  in fe c tio n s  in  w hich the  h ig h est t i t r e s  reac h ed  w ere  betw een 
32 and 256, and w hich w ere  fo llow ed  f o r  m o re  than  six  m on ths, showed a 
fo u r - to  e igh tfo ld  d rop  in  t i t r e .
In the fo u r  p a tien ts  w ith m o re  than one rh in o v iru s  in fec tio n  (T ables 10.6 
to  10.9) th e re  w as no ev idence th a t one rh in o v iru s  caused  a  hetero logous 
antibody re sp o n se  to  th e  o th e rs .
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Two o f the  tw elve rh in o v iru se s  w ere  M s tra in s  (Table 10.6. In fec tio n  2 
and T able 10.9. In fec tio n  2) and the  re m a in d e r  H s tra in s . One o f the M 
s tra in s  w as n eu tra liz ed  by a n tise ru m  ag a in s t Chicago 179-E bu t none o f the 
o th e r M o r  H s tra in s  could be n eu tra lized  by the  p ro to type a n tis e ra  availab le . 
A n tise ra  w ere  th e re fo re  m ade ag a in s t the 11 un iden tified  v iru s e s  and the  
r e s u l t s  o f  c ro s s  n eu tra liz a tio n  te s t s  have been  d iscu ssed  (C hapter 4 , T able 
4.10). The 11 v iru s e s  belonged to nine d if f e r e n t  se ro ty p es . No pa tien t had 
two in fe c tio n s  w ith the  sam e se ro type .
R h in o v iru ses  in  29 Chronic B ronch itics
The ro le  o f rh in o v iru se s  in  ch ron ic  b ro n ch itis  w as f u r th e r  investiga ted  
by studying a la rg e r  num ber o f  p a tien ts . Unf o rtu n a te ly , the  d e p a rtu re  o f 
D r. M.B. E adie a t  the  end o f  A p ril 1965 c u rta ile d  th is  w ork.
F o r ty - f iv e  ch ron ic  b ro n c h itic s , som e taken  f ro m  th e  o rig in a l study 
and o th e rs  suggested  by  D r. A.W. L e e s , w e re  approached  and 29 ag reed  to  
c o -o p e ra te  in  th e  study. They w ere  asked  to n o tify  the la b o ra to ry  o f any 
re s p ir a to ry  il ln e s s . They w ere  then  v is ite d  and b lood , th ro a t and n o se , 
and w h ere  p o ss ib le , sputum  sp ec im en s w ere  co llec ted . W hen p ra c t ic a l ,  
p a tien ts  w ith i l ln e s s e s  w e re  v is ite d  every  th re e  to  seven  days and i f  
sym ptom s w ere  s ti l l  p re se n t f u r th e r  th ro a t sw abs and sputa w ere  co llec ted . 
The sp ec im en s w ere  inoculated  only into c u ltu re s  o f  hum an em bryonic tis s u e  
f o r  the iso la tio n  o f rh in o v iru se s . A convalescen t blood specim en  w as taken
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th re e  w eeks a f t e r  the f i r s t .
T h ir ty -e ig h t spec im ens f o r  v iru s  iso la tio n  w ere  co llec ted  f ro m  12 
ep isodes  in  the 29 ch ron ic  b ro n ch itic s  betw een January  and A p ril 1965. 
R h in o v iru ses  w e re  iso la ted  f ro m  fo u r  spec im ens f ro m  two il ln e s se s .
The c lin ica l c la s s if ic a tio n  and v iru s  iso la tio n  r e s u l t s  o f the i l ln e s s e s  a r e  
shown in  T ab le  10.13.
D eta ils  o f  the iso la tio n s  and se ro lo g ica l re sp o n se s  in  the two rh in o v iru s  
in fe c tio n s  a r e  shown in  T ab les  10.14 and 10.15. In both c a s e s  th e re  w as a 
s ig n if ic a n t r i s e  in  n eu tra liz in g  an tibod ies. In the second ca se  (Table 
10.15), w h ere  sputum  w as av a ilab le , a specim en  taken  9 days a f t e r  the  onse t 
o f the cold w as found to contain  rh in o v iru s , w h ereas  the th ro a t swab taken  
a t the sam e tim e  did not. The t i t r e s  o f v iru s  in  the two sputum  sam p les  
contain ing  rh in o v iru s  w ere  3.9 and 2.4 l°gjQ when a ssay ed  in
R H EK F-35 c e lls .
One o f  the rh in o v iru se s  (Table 10.14) w as an  M s tra in ;L b h e .rith e r o f 
them  could b e  id e n tif ied  using  the 40 availab le  a n tis e ra .
E xam ination  o f B ronch ia l B iopsy M ateria l 
The p o ss ib ility  th a t la te n t v iru s e s  m ight be  p re se n t in  the b ro n ch i 
o f  ch ro n ic  b ro n c h itic s  w as investiga ted  by exam ining m ucosal b io p s ie s .
The b io p s ie s  w e re  co llec ted  by  D r. A.W. L ees  and p laced  in  5 m l o f  PBS. 
T h is  w as im m ed ia te ly  tra n sp o rte d  to  the la b o ra to ry  w here  the  m a te r ia l 
w as w ashed in  PB S, chopped f in e ly  and w ashed tw ice m o re  to rem o v e  b lood ,
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b a c te r ia  and fung i.
The chopped tis s u e  w as then  inoculated  into tubes  o f the fo llow ing tis s u e  
c u ltu re s :
(a) secondary  RMK held  s ta tio n a ry  a t 36°C in  P a r k e r ’s m edium  199,
(b) RH EK F-30 o r  R H EK F-35 c e lls  ro lle d  a t 33°C in  E ag le ’s MEM 
containing 1% inac tiva ted  c a lf  s e ru m , 5% try p to se  phosphate b ro th  
and 1% sodium  b ic a rb o n a te  solution.
(c) R H EK F-30 o r  R H EK F-35 c e lls  held  s ta tio n a ry  a t 36°C in  E a g le 's  
MEM containing 1% in ac tiva ted  c a lf  se ru m  and 3% sodium  b ica rb o n a te  
solution.
(d) a 1 oz p re sc r ip tio n  b o ttle  to w hich 3 m l o f  E ag le ’s MEM supp le­
m ented  w ith 10% inac tiva ted  c a l f  s e ru m  and 1% sodium  b ica rb o n a te  
so lu tion  w as added.
T h ese  c u ltu re s  w ere  u sed  betw een N ovem ber and D ecem ber 1964. F ro m  
January  1965 th e  m ethods w e re  sligh tly  a lte red  by:
(1) com bining (c) and (d) so th a t t is s u e  f ra g m e n ts  w e re  added to 1 oz 
p re s c r ip tio n  b o ttle s  contain ing a  m ono layer o f R H EK F-30 o r  R H EK F-35 
c e lls  in  E ag le ’s MEM supplem ented w ith 10% inac tiv a ted  c a l f  se ru m  and 
1% sodium  b ic a rb o n a te  solution.
(2) inocu lating  tubes o f  BH c e lls  held  s ta tio n a ry  a t 36°C in  E ag le ’s MEM 
supplem ented  w ith 2% inac tiva ted  ra b b it s e ru m  and 4% sodium  b ic a rb o n a te  
solution.
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A ll t is s u e  c u ltu re  tubes  w ere  observed  f o r  8 w eek s, th e ir  m edium  
changed w hen n e c e s s a ry  and tis s u e  c u ltu re  f lu id  p a sse d  to  f r e s h  c u ltu re s  
when any c e ll degenezation w as observed . The p re sc r ip t io n  b o ttle s  w ere  
a lso  o b serv ed  f o r  8 w eeks and fe d  w ith f r e s h  m edium  a s  re q u ire d . T h re e  
and 6 w eeks a f t e r  inocu lation  f lu id  f ro m  th e  b o ttle s  w as inocu lated  into 
tu b es  o f  seco n d ary  RMK, R H EK F-30 o r  R H EK F-35 and BH u n d er the above 
conditions. T h ese  tubes w e re  o bserved  f o r  2 w eeks. AH seco n d ary  RMK 
c u ltu re s  w ere  te s te d  w eekly f o r  haem ad so rp tio n  w ith 0.5% hum an group 
*0* e ry th ro c y te s .
M ucosal b io p s ie s  w e re  coH ected f ro m  25 ch ron ic  b ro n c h itic s  betw een 
N ovem ber 1964, and A p ril 1965. F iv e  o f the  25 spec im en s produced  heavy 
grow th o f  b a c te r ia ,  y e a s ts  o r  fu n g i in  t is s u e  cu ltu re  and w ere  d isca rd e d .
O f the  rem a in in g  20, only one produced  a tra n sm is sa b le  cy topath ic e f f e c t  
w ith  com ple te  d e s tru c tio n  o f  BH c u ltu re s  seven  days a f t e r  th e  o rig in a l 
inoculation . No e f f e c t  could b e  seen  in  c u ltu re s  o f  RMK o r  RH EK F-30 
inocu la ted  w ith m a te r ia l  f r o m  BH showing cy topath ic e f f e c t s .  CeH d e g e n e ra ­
tion  did no t o c c u r in  BH i f  th e  inoculum  w as tre a te d  w ith c h lo ro fo rm , n o r i f  
the c u ltu re s  contained K anam ycin  (LOO jig /m l) o r  au reo m y cin  (50 jig /m l).
The agen t w as th e re fo re  thought to  b e  a  m ycoplasm a. A ttem p ts  to  p ro v e  
th is  w e re  com pH cated by  th e  d isco v e ry  th a t un inoculated  BH c u ltu re s  w e re  
con tam inated  by  a non-cy topath ic  m ycoplasm a. A ttem p ts to p rev en t the 
ceU d eg en e ra tio n  by n e u tra liz in g  th e  agen t w ith se ru m  taken  f r o m  th e  p a tien t
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two m onths a f t e r  the  b iopsy  fa ile d . T issu e  f ra g m e n ts  seeded  into 1 oz 
b o ttle s  o f  HEKF produced som e outgrow th o r  c e ll m ig ra tio n  in  m o st c a se s  
but th is  cea sed  w ithin fo u r  w eeks.
T h u s, no ev idence f o r  the p re se n c e  o f la te n t v iru s e s  in  the b ronch i 
w as obtained .
CHAPTER 11 
CHILDREN IN HOSPITAL.
The s tu d ie s  o f ch ild ren  in  h o sp ita l f a l l  in to th re e  m ain  g roups:
a) A p ilo t study o f ch ild ren  en te rin g  h o sp ita l w ith re s p ir a to ry  d ise a se  
betw een D ecem b er, 1962 and May, 1963.
b) A co m p ara tiv e  study o f  a group o f  ch ild ren  en te rin g  h o sp ita l w ith 
r e s p ir a to ry  d ise a se  and a  m atched  group o f ch ild ren  w ith d ia rrh o e a l 
i l ln e s s ,  betw een O cto b er, 1963 and A p ril, 1965.
c) A study o f  a la rg e r  p ro p o rtio n  o f  the  ch ild ren  en te rin g  h o sp ita l w ith 
re s p ir a to ry  d is e a se  betw een D ecem b er, 1964 and A p ril, 1966. T h is  w as 
p a r t  o f  a  nationw ide co llab o ra tiv e  study o rg an ised  by the  M edical R e se a rc h  
Council.
The p u rp o se  o f  th e se  in v estig a tio n s  w as f i r s t  to  e n su re  th a t BH c u ltu re s  
w ere  ab le  to d e te c t the la b ile  RS v iru s  and to  se e  i f  d ire c t  t is s u e  cu ltu re  
inocu lation  in  the  w ard  w as advantageous. T he expansion  o f  th e  investiga tion  
to include iso la tio n  m ethods f o r  a l l  known re s p ir a to ry  v iru s e s  and a m atched  
group o f ch ild ren  w ithout r e s p ir a to ry  i l ln e s s  allow ed a n a ly s is  o f  th e  s ig n if ic a n c e  
o f  the v iru s  iso la tio n s  and the re la tiv e  im p o rtan ce  o f the v a r io u s  v iru s  g roups. 
T h is  l a t t e r  po in t w as f u r th e r  stud ied  in  a  la rg e r  group o f  c h ild ren  w hich a lso  
showed w h eth er the  m atched  group w as a re p re se n ta tiv e  one o r  not.
O th er sec tio n s  in  th is  ch a p te r  co n ce rn  rh in o v iru s  in fe c tio n s , se ro lo g ica l 
s tu d ie s  and m u ltip le  in fe c tio n s  in  th e se  ch ild ren .
P ilo t study o f ch ild ren  w ith R e sp ira to ry  D ise a se ,
D ecem ber, 1962 to  M ay, 1963
The ch ild ren  in vestiga ted  during  th is  p erio d  w ere  those  u n d er 16 y e a rs  
en te rin g  h o sp ita l w ith re s p ir a to ry  d ise a se . T h ro a t sw abs w ere  co llec ted  
w ithin  24 h o u rs  o f  ad m issio n  and each  inocu lated  in  the  w ard  in to  two tubes 
o f  BH c e lls  w hich w ere  then tra n sp o rte d  to  the  la b o ra to ry .
Swabs w ere  obtained f ro m  59 ch ild ren  bu t 20 o f  th e se  w ere  heav ily  
con tam inated  w ith b a c te r ia  o r  fu n g i and th e re fo re  d isca rd e d  and excluded 
f ro m  the  study.
The 39 c h ild ren  in  th is  study co m p rised  21 m a le s  and 18 fe m a le s  aged 
betw een  1 m onth and 5 y e a rs  w ith an  av e ra g e  age o f  11 m onths. RS v iru s  
w as iso la ted  f ro m  3 m a le s  and 5 fe m a le s . A denovirus 1 and adeno v iru s  5 
w ere  each  iso la ted  f ro m  m ale  ch ild ren .
O ver a q u a r te r  o f  the ch ild ren  u n d er 1 y e a r  y ie lded  RS v iru s  and six  o f 
the eight RS v iru s e s  iso la ted  w ere  found in  th is  age group (Table 11.1).
A ll th e  v iru s  iso la tio n s  excep t one w ere  m ade f ro m  c a s e s  w ith lo w er 
re s p ir a to ry  i l ln e s s  (Table 11.2).
The m onthly  d is tr ib u tio n  o f  v iru s  iso la tio n s  (Table 11.3) showed th a t RS 
v iru s  w as not iso la te d  a f t e r  F e b ru a ry , although th is  could b e  a  r e s u l t  o f  
the  sm a ll n u m b ers  o f  c a s e s  te s te d .
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C om parative  study o f  C hild ren  w ith  R e sp ira to ry  and 
D ia rrh o ea l D ise a se , O cto b er, 1963 -  A p ril, 1965
C ases  w ere  se lec ted  each weekday m orn ing  f ro m  tho se  adm itted  to 
R uchill H osp ital w ithin the  p rev io u s  24 h o u rs . C h ild ren  w ith re s p ir a to ry  
il ln e s s  w ere  included in  the  study only i f  they  w ere  u n d er 10 y e a rs  o f  age 
and could be  m atched  f o r  age (within a m onth i f  u nder 3 m onths o ld , w ithin 
6 m onths i f  aged 3 - 1 2  m onths, w ith in  2% y e a rs  i f  o v er 1 y ea r) and tim e  o f 
ad m issio n  (within 1 week) w ith ch ild ren  w ith m ain ly  d ia rrh o e a l sym ptom s.
A f te r  se lec tio n , the c a se s  w e re  im m ed ia te ly  v is ite d  in  th e  w ard  and 
th ro a t and nose sw abs co llec ted . In itia lly  (b e fo re  A p ril, 1964) th ro a t and 
nose  sw abs w ere  cen tr ifu g ed  and inocu lated  into tis s u e  c u ltu re s  se p a ra te ly ; 
f o r  re a s o n s  a lre a d y  d esc rib e d  (C hapter 6) th e se  p ra c t ic e s  w e re  discontinued . 
A ll sw abs w ere  inocu lated  into two tubes each  o f  p r im a ry  o r  secondary  RMK 
c e l ls ,  BH c e lls  and HEKF held  u n d er conditions a lre a d y  d esc rib e d  (C hapter 
2). A ll sp ec im en s w ere  inocu lated  w ithin 2 h o u rs  o f co llec tion  and w ithout 
p r io r  f re e z in g . Blood s e ra  w ere  a lso  co llec ted  f ro m  som e o f  the  ch ild ren  
w ith r e s p ir a to ry  d ise a se .
T he 113 ch ild ren  w ith r e s p ir a to ry  il ln e s s  included in  the  study w ere  thus 
a  se lec ted  group w hich re p re se n te d  only 13% o f  the  ch ild ren  u n d er 10 y e a rs  
o f  age en te rin g  th e  h o sp ita l during  th e  19-m onth  perio d . T he group co m p rised  
64 m a le s  and 49 fe m a le s  aged betw een  3 w eeks and 6 y e a r s ,  w ith an  av e ra g e  
o f  17.8 m onths. T h is  com pared  weH w ith the d ia rrh o e a l group w hich co n sis ted  
o f  61 m a le s  and 52 fe m a le s  aged betw een 1 w eek and 4% y e a r s  w ith an  av e ra g e
o f 1-7.4 m onths (Table 11.4).
The v iru s e s  iso la ted  f ro m  th e  th ro a t and n asa l sw abs o f the two groups
a r e  su m m arized  in  T ab le 11.5. S ix ty -fo u r v iru s e s  w ere  iso la ted  f ro m  59
(52%) o f  113 ch ild ren  in  the re s p ir a to ry  group and 31 v iru s e s  f ro m  29 (26%)
o f  113 ch ild ren  in  the d ia rrh o e a l group. The d if f e re n c e  in  RS v iru s
iso la tio n  r a te  betw een the  two g roups i s  highly s ig n if ic a n t 
2(X = 23 .6 , p <C 0.001; Y a te s ' co rrec tio n ). P a ra in f lu e n z a  v iru s e s  w ere
iso la ted  f ro m  nine ch ild ren  in  the re s p ir a to ry  group (two type 1 and seven
type 3) and two (type 3) in  the d ia rrh o e a l group w hich is  not a s ig n if ican t
d if f e re n c e  betw een th e  two g roups (X = 3.45, p >  0.05; Y a te s ' co rrec tio n ).
R h in o v iru ses  (one M type and nine H type) w ere  iso la ted  w ith equal freq u en cy
f ro m  both g roups. H erpes  sim plex  v iru s  w as not iso la ted  s ig n ifican tly
m o re  o f te n  f r o m  the  re s p ir a to ry  than the d ia rrh o e a l c a s e s  (X = 3 .2 9 ,
p > 0 .0 5 ; Y a te s ' co rrec tio n ) and se ro lo g ica l s tu d ie s  showed th a t in  f iv e  o f
th e  in fe c te d  ch ild ren  f ro m  whom p a ire d  s e ra  w ere  av a ilab le  th e re  w as no
r i s e  in  CF antibody ag a in st h e rp e s  v iru s . A denov iruses (two type 1, two
type 2 and one type 3) w ere  iso la ted  f ro m  f iv e  ch ild ren  w ith re s p ir a to ry
il ln e s s  and f r o m  eight (two type 1, th re e  type 5 and one each  o f ty p es  2 , 3
and 7) ch ild ren  w ith d ia rrh o e a l i l ln e s s ,  showing no s ig n if ic a n t d if f e re n c e
2betw een  th e  g roups (X = 0 .30, p > 0 .3 ;  Y a te s ' co rre c tio n ). S im ila rly  th e re  
w as no s ig n if ic a n t d if f e re n c e  in  e n te ro v iru s  iso la tio n s  betw een th e  two 
g roups (X = 1.16, p^> 0 .2; Y a te s ' co rre c tio n ); co x sack iev iru s  B4 and 
each o v iru s  9 w e re  iso la ted  f ro m  ch ild ren  in  th e  re s p ir a to ry  g roup ; two
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two s tra in s  o f co x sack iev iru s  B 2, one s tra in  each  o f po lio v iru s  2 , echo - 
v iru s e s  8 and 9 and an  untyped en te ro v iru s  w ere  iso la ted  f ro m  ch ild ren  
in  the  d ia rrh o e a l group.
M ost o f  the  spec im ens f ro m  ch ild ren  w ith re s p ir a to ry  il ln e s s  w ere
co llec ted  w ith in  a w eek o f the onse t o f  i l ln e s s  (Table 11.6), bu t th e re  w ere
10 c a s e s  w hich had been  il l  lo n g e r and 5 w hose d u ra tio n  o f  i l ln e s s  could not
be a sc e r ta in e d  b ecau se  o f incom plete  re c o rd s .  An unexpected find ing  w as
th a t the  to ta l iso la tio n  r a te  w as h ig h e r f ro m  p a tien ts  who had been  i l l  4 -7
days (71%) than  f ro m  tho se  who had been  i l l  l e s s  than  4 days (50%); th is
tre n d  w as seen  w ith each  group o f  v iru s e s  iso la ted  except h e rp e s  s im plex .
The o v e ra ll d if f e re n c e  how ever, w as not s ta t is t ic a lly  s ig n if ic a n t 
2
(X = 3.42, p^>0.05; Y a te s1 co rrec tio n ).
T he age d is tr ib u tio n  o f  the v iru s  iso la tio n s  (Table 11.7) shows th a t the  
RS v iru s  iso la tio n  r a te  f e l l  f r o m  23% in  c h ild ren  u n d er 6 m onths to 3% 
in  c h ild ren  o v e r 2 y e a rs . Iso la tio n s  o f  h e rp e s  s im plex  v iru s  w ere  r a r e  
f ro m  ch ild ren  u n d er 1 y e a r . T he o th e r v iru s  g roups did not show m arked  
a g e -a sso c ia te d  tre n d s  although ad en o v iru ses  and e n te ro v iru se s  w ere  m o st 
o f te n  iso la ted  f ro m  ch ild ren  betw een the  ag es  o f  6 and 24 m onths.
V iru s  iso la tio n s  acco rd ing  to  i l ln e s s  a r e  shown in  T able 11.8. The 
d iagnosis  u sed  is  th e  f in a l  d iagnosis  o f  the i l ln e s s  w ith w hich the  p a tien t 
w as adm itted . A ll but one o f the RS v iru s  iso la tio n s  w ere  m ade f ro m  
ch ild ren  w ith lo w er r e s p ir a to ry  il ln e s s . P a ra in f lu e n z a  and rh in o v iru se s  
w e re  iso la ted  f ro m  a s ligh tly  h ig h e r p ro p o rtio n  o f  ch ild ren  w ith u p p er
157
than o f th o se  w ith lo w er re s p ira to ry  d ise a se . H erpes  v iru s e s  w ere  found 
w ith equal freq u en cy  in  u p p er and lo w er re s p ir a to ry  i l ln e s se s . T h e re  w as 
no obvious d if f e re n c e  betw een the  iso la tio n  r a te s  o f v iru s e s  f ro m  the  
ch ild ren  w ith b a c te r ia l  o r  n o n -b a c te ria l d ia rrh o e a .
The m onthly d is tr ib u tio n  o f  the  v iru s  iso la tions(T able  U.9) shows two 
sh a rp ly  d efin ed  w in te r o u tb reaks  o f  RS v iru s  and a m o re  sp o rad ic  o c c u rre n c e  
o f  the o th e r v iru s  g roups.
C h ild ren  w ith R e sp ira to ry  D isease . D ecem ber 1964 -  A p ril 1966
The ch ild ren  in  th is  study co m p rised  th o se  u n d er 16 y e a rs  en te rin g  
R uch ill H osp ital w ith re s p ir a to ry  i l ln e s s  betw een 1 p .m . on Sunday and 1 p .m . 
on F rid a y  o f each  week. T h ro a t and n a sa l sw abs f r o m  each child  w ere  
co llec ted  w ith in  24 h o u rs  o f  ad m issio n  and p laced  in  th e  sam e b o ttle  o f 
tra n s p o r t m edium . Specim ens w ere  tra n sp o rte d  to  the  la b o ra to ry  and 
inocu lated  into t is s u e  c u ltu re s  o f RMK, BH and HEKF w ithin  2 h o u rs  o f  
co llection . Some spec im ens w ere  a lso  te s te d  in  W I-38 o r  BW H E L -7  c e lls . 
P a ire d  blood s e ra  coH ected in  th e  acu te  and convalescen t p h ases  o f  il ln e s s  
w e re  obtained f ro m  som e o f the ch ild ren .
A to ta l o f  250 ch ild ren  w ere  included in  the  study and co m p rised  162 
m a le s  and 88 f e m a le s  aged betw een 12 days and 10 y e a rs  w ith  an  av e ra g e  
o f 16.6 m onths. The age and sex com position  o f the population sam p les  
(Table 11.10) i s  d if f e r e n t  f ro m  th a t o f the re s p ir a to ry  group in  the  
co m p ara tiv e  study; in  th is  group 65% w e re  m a le s , 57% o f  ch ild ren  w ere
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u n d er 1 y e a r  and 15% w ere  betw een 1 and 2 y e a r s ;  in  the re s p ir a to ry  group 
o f the  co m p ara tiv e  study 57% w ere  m a le s , 44% w ere  u nder 1 y e a r  and 23% 
w ere  betw een  1 and 2 y e a rs .
A to ta l o f  113 v iru s e s  w ere  iso la ted  f ro m  104 (42%) o f  250 ch ild ren ; 
th e re  w e re  nine c a s e s  f ro m  w hich two v iru s e s  w e re  iso la ted  (Table 11.11). 
RS v iru s  accounted f o r  42% o f  the iso la tio n s  and w as a sso c ia te d  w ith 22% 
o f  th e  i l ln e s s e s . R h in o v iru ses  accounted f o r  19% o f th e  iso la tio n s  and 
w ere  a sso c ia te d  w ith 9% o f the i l ln e s se s . In fluenza  and p a ra in flu en za  
v iru s e s  co m p rised  7% and 10% re sp e c tiv e ly  o f  the  i  so la tio n s  and w ere  
a sso c ia te d  w ith 3% and 4% re sp e c tiv e ly  o f  th e  i l ln e s se s . T h u s, 78% o f  
the  v iru s e s  iso la ted  w ere  e ith e r  m yxov iru ses  o r  rh in o v iru se s  and th e se  
v iru s e s  w e re  found in  38% o f  the  i l ln e s s e s . H erpes  s im plex  v i ru s ,  adeno­
v iru s e s  and e n te ro v iru se s  re p re se n te d  6%, 7% and 9% re sp e c tiv e ly  o f  the  
v iru s e s  iso la ted  and w ere  a sso c ia te d  w ith 3%, 3% and 4% o f the  i l ln e s s e s .
The day o f i l ln e s s  on w hich specim ens w ere  co llec ted  (Table 11.12) 
did not ap p e a r to a f f e c t  th e  to ta l v iru s  iso la tio n  r a te  ap p rec iab ly , although 
th e  iso la tio n  r a te  o f  RS v iru s  and rh in o v iru se s  f e l l  f r o m  20% and 12% 
re sp e c tiv e ly  in  the  f i r s t  3 days o f  i l ln e s s  to  14% and 4% re sp e c tiv e ly  
betw een  th e  fo u r th  and seven th  days o f il ln e s s .
The p e rce n tag e  iso la tio n  r a te s  o f  v a r io u s  v iru s  groups f ro m  d if f e r e n t  
ag e -g ro u p s  o f  ch ild ren  (Table U.13) showed m ark ed  d if f e re n c e s .  RS 
v iru s  iso la tio n  r a te s  d e c re a se d  sh a rp ly  w ith in c re a s in g  age. In fluenza  and
h e rp e s  s im plex  v iru s e s  w ere  not iso la ted  f ro m  ch ild ren  u n d er one y e a r  
o f  age. P a ra in f lu e n z a  v iru s e s  w ere  not iso la ted  f ro m  ch ild ren  o v e r 2 
y e a rs  old bu t in  younger ch ild ren  th e re  w as l i t t le  v a r ia tio n  in  iso la tio n  
r a te  w ith age. R h in o v iru ses  w ere  iso la ted  w ith s im ila r  fre q u e n c y  f ro m  each 
o f  fo u r  age g roups but le a s t  o f te n  f ro m  ch ild ren  u n d er 6 m onths. Adeno­
v iru s e s  and e n te ro v iru se s  w e re  iso la ted  m o st o f te n  f r o m  ch ild ren  betw een 
6 and 24 m onths o f age.
A n alysis  o f  the v iru s  iso la tio n s  by i l ln e s s  (Table 11.14) showed th a t a ll 
excep t f o u r  o f  the  RS v iru s  iso la tio n s  w e re  f ro m  lo w er re s p ir a to ry  i l ln e s s ,  
although th e  iso la tio n  r a te  f ro m  lo w er re s p ir a to ry  il ln e s s  (20%) i s  not m uch 
h ig h e r than  th a t f r o m  u p p er r e s p ir a to ry  i l ln e s s  (16%). In fluenza  v iru s e s  
w e re  a sso c ia te d  w ith le s s  than  2% o f  lo w er re s p ir a to ry  i l ln e s s  and lik e  
e n te ro v iru se s  w e re  found m o re  o f te n  in  u p p er re s p ir a to ry  t r a c t  in fec tio n s . 
P a ra in f lu e n z a , h e rp e s  sim plex  and ad en o v iru se s  w e re  found in  3-4% o f 
bo th  u p p er and lo w er re s p ir a to ry  il ln e s s . R h in o v iru ses  w ere  found in  9% 
o f  lo w er b u t only 4% o f  u pper re s p ir a to ry  d ise a se .
The m o s t s tr ik in g  a sp e c t o f  th e  m onthly d is tr ib u tio n  o f v iru s  iso la tio n s  
w as th e  d e fin ed  ou tb reak s  o f  RS in fe c tio n s  (Table 11.15). Iso la tio n s  o f  
o th e r v iru s e s  o c c u rre d  throughout the y e a r  although th e  n um bers a r e  not 
adequate to  show sm a ll d if f e re n c e s .
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R hinovirus In fec tio n s  
R h in o v iru ses  w e re  iso la ted  f ro m  32 (9%) o f 363 ch ild ren  in  h o sp ita l 
w ith r e s p ir a to ry  i l ln e s s  and ten  (9%) o f 113 ch ild ren  in  h o sp ita l w ith 
d ia rrh o e a l i l ln e s s . A f te r  RS v iru s ,  rh in o v iru se s  w ere  the m o st com m on 
v iru s e s  in  ch ild ren  w ith re s p ir a to ry  d ise a se . H ow ever, the iso la tio n  o f 
th e se  v iru s e s  f ro m  a s im ila r  num ber o f  ch ild ren  w ithout re s p ir a to ry  
sym ptom s su g g ests  e i th e r  th a t such ch ild ren  m ay b e  sim ply  c a rry in g  
rh in o v iru se s  w hich p lay  l i t t le  o r  no p a r t  in  the  aetio logy  o f th e ir  d is e a s e , 
o r  th a t rh in o v iru se s  a lso  cau se  d ia rrh o e a l il ln e s s .
F u r th e r  s tu d ie s  w e re  m ade on the c a s e s  w ith rh inovirus in fe c tio n , 
including a ttem p ts  to iso la te  th e  v iru s e s  f r o m  f a c e s ,  se ro lo g ic a l s tu d ies  
and id e n tif ic a tio n  o f rh in o v iru s  s e ro ty p e s , in  o rd e r  to  obta in  m o re  in fo rm a ­
tion  about th e  ae tio lo g ica l ro le  o f  th e se  v iru s e s .
F a e c a l e x tra c ts  f ro m  seven  o f  th e  te n  d ia rrh o e a l c a s e s  w hose th ro a t and 
n a sa l sw abs y ie lded  rh in o v iru se s  w ere  inocu lated  into HEKF u n d er conditions 
f o r  rh in o v iru s  iso la tio n . Two v iru s e s  w e re  iso la ted ; a  co x sack iev iru s  A 
9 and an untyped v iru s  w hich w as a c id -s ta b le . The f a e c a l  spec im ens had , 
h o w ev er, been  s to re d  a t -20°C  f o r  p e rio d s  up to 18 m onths w hich m ight 
have in ac tiv a ted  any rh in o v iru se s  they contained.
P a ire d  blood s e ra  w e re  obtained f ro m  19 o f  the  32 r e s p ir a to ry  c a s e s  
w ith rh in o v iru s  in fec tio n . T h ese  s e ra  w e re  te s te d  f o r  CF an tibod ies 
ag a in s t RS v iru s ,  ad enov iru s (group) and p a ra in flu e n z a  (group), f o r  HI 
an tibod ies ag a in s t p a ra in flu e n z a  v iru s  types 1, 2 and 3 and f o r  n e u tra liz in g
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an tibod ies a g a in s t the rh in o v iru s  iso la ted  (Table 11.16).
Evidence o f  s im ultaneous RS v iru s  in fec tio n  w as obtained in  fo u r  c a s e s  
(C ases 3 and 8 by iso la tio n , C ases  4 and 15 by  fo u rfo ld  o r  g re a te r  CF 
t i t r e  r is e s ) .  The two c a s e s  (3 and 8) f ro m  which RS v iru s  w as iso la ted  
showed no se ro lo g ica l ev idence o f in fe c tio n  w ith  th is  v iru s  bu t did show 
g re a te r  than fo u r fo ld  r i s e s  in  n eu tra liz in g  antibody ag a in st th e ir  hom ologous 
rh in o v iru se s . O f the two c a s e s  w ith se ro lo g ica l ev idence o f  RS v iru s  
in fe c tio n , one (C ase 15) showed no se ro lo g ica l re sp o n se  to the rh in o v iru s , 
p o ssib ly  b eca u se  the  second se ru m  w as co llec ted  only 9 days a f t e r  onse t 
o f  il ln e s s  and the  o th e r (C ase 4) showed only a sm a ll in c re a s e  in  rh in o v iru s  
an tibod ies.
T h e re  w as ev idence f o r  sim ultaneous p a ra in flu e n z a  v iru s  in fe c tio n  in  
two c a s e s  (12 and 18). C ase 12 y ie lded  p a ra in flu e n z a  type 1 v iru s  and showed 
a r i s e  in  p a ra in flu e n z a  1 HI an tibod ies o f m o re  than 16 -fo ld ; the n eu tra liz in g  
antibody r i s e  to  the  rh in o v iru s  in  th is  c a se  w as d e tec ta b le , bu t le s s  than 
fo u r - fo ld .  S ero log ical ev idence o f  in fe c tio n  ( fo u r- fo ld  o r  g re a te r  t i t r e  
r is e )  w ith p a ra in flu e n z a  v iru s  w as obtained by both CF and HI te s t s  in  
C ase  18; th e re  w as a lso  a s ig n if ic a n t r i s e  in  neu traK zing  an tibod ies to  the 
in fe c tin g  rh in o v iru s .
E vidence f o r  s im ultaneous ad enov iru s in fe c tio n  w as obtained in  two 
c a s e s  (4 and 7). C ase 4 showed a  s ig n if ic a n t CF t i t r e  r i s e  and h a s  a lre a d y  
been  co n sid e red  u n d er RS v iru s  in fe c tio n s . A denovirus type 2 w as iso la ted  
f ro m  C ase  7 w hich showed no se ro lo g ica l re sp o n se  to i t  o r  to  the in fe c tin g
rh in o v iru s .
The only o th e r rh in o v iru s - in fe c te d  ca se  w ith ev idence o f m ultip le  
in fe c tio n  (C ase 9) y ie lded  h e rp e s  sim plex  f r o m  the  th ro a t and echov irus 
7 f ro m  the  fa e c e s .  CF antibody t i t r e s  ag a in st h e rp e s  f e l l  f r o m  64 to 
32 suggesting  the  iso la tio n  w as a  re s u l t  o f  the re a c tiv a tio n  o f  a la te n t 
in fe c tio n  r a th e r  than  a new in fe c tio n  o f  a e tio log ica l s ig n ifican ce . The 
ech o v iru s  7 w as a lso  co n sid ered  to  be ir re le v a n t to th e  b ro n c h itis  in  th is  
c a se . N eu tra liz ing  an tibod ies ag a in s t the  in fec tin g  rh in o v iru s  ro s e  m o re  
than  16-fo ld .
I f  C ase  9 i s  d iscounted  th e re  w e re  seven  c a s e s  (3, 4 , 7 , 8 , 12, 15, 18) 
out o f  the 19 rh in o v iru s-p o s itiv e  c a s e s  stud ied  w hich had ev idence o f  
s im u ltaneous in fe c tio n  w ith an o th e r v iru s  o r  v iru s e s  w hich could have caused  
th e  i l ln e s s . In add ition , th e re  w as one c a se  f ro m  whom both  RS and a 
rh in o v iru s  w e re  iso la te d , bu t w hich i s  not included in  T able 11.16 b eca u se  
p a ire d  s e ra  w ere  not co llec ted . In two c a s e s  (3 and 8) f ro m  w hich RS 
v iru s  and a  rh in o v iru s  w ere  iso la ted  th e re  w as a se ro lo g ica l re sp o n se  to  the 
rh in o v iru s  b u t not to the RS v iru s .
T h e re  w e re  12 c a s e s  w ith no ev idence o f  in fe c tio n  w ith  RS v iru s ,  
aden o v iru s  o r  p a ra in flu e n z a  v iru s e s .  O f th e se , eight (1, 2 , 5, 6, 9, 11,
16, 17) showed s ig n if ic a n t n e u tra liz in g  antibody t i t r e  r i s e s  ag a in s t rh in o v iru se s , 
th re e  (13, 14, 19) showed le s s  than  fo u r fo ld  t i t r e  r i s e s  and one(C ase 10) w as 
not te s te d  b eca u se  th e re  w as in s u f f ic ie n t  se ru m .
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S ign ifican t se ro lo g ica l re sp o n se s  to rh in o v iru s  in fe c tio n  w ere  found 
in  11 c a s e s ,  de tec tab le  re sp o n se s  in  f iv e  c a s e s  and no de tec tab le  re sp o n se  
in  two c a s e s ;  one c a se  w as not te s ted . The th re e  c a se s  w ith M s tra in  
rh in o v iru s  in fe c tio n  had s ig n if ican t se ro lo g ica l re sp o n s e s  bu t only eight 
o f  15 H s tra in  in fe c tio n s  induced such a re sp o n se . R esponses  v a r ie d  
even w ith in  a  sero ty p e : rh in o v iru s  4411-65 produced  a s ig n if ic a n t re sp o n se  
in  one c a se  (18) bu t not in  two o th e rs  (12 and 13); rh in o v iru s  2030-65 
p roduced  s ig n if ic a n t re sp o n se s  in  two c a se s  (3 and 11) bu t p robab ly  not in  
two o th e rs  (4 and 7).
The v a r io u s  rh in o v iru s  se ro ty p es  found in  the 32 ch ild ren  with 
re s p ir a to ry  i l ln e s s  and the ten  w ith d ia rrh o e a  a r e  shown in  T ab le  11.17.
O f the 42 s tra in s  23 w ere  n e u tra liz e d , seven  by six  p ro to type  a n t is e ra  and 
16 by six  a n t is e ra  m ade a t  R uchill H ospital. The th re e  se ro ty p e s  found in  
the  ch ild ren  w ith d ia rrh o e a  w ere  a lso  found in  ch ild ren  w ith re s p ir a to ry  
il ln e s s .
S ero log ical Studies
C om plem ent F ixation .
P a ire d  blood s e ra  w ere  obtained f ro m  193 o f  the  c h ild ren  in  h o sp ita l 
w ith r e s p ir a to ry  i l ln e s s . A ll th e se  s e ra  w e re  te s te d  by CF ag a in s t RS, 
p a ra in flu e n z a  1 and ad enov iru s group an tig en s  by  D r. R oss.
A fo u rfo ld  o r  g r e a te r  r i s e  in  t i t r e  ag a in s t RS v iru s  w as found in  38 
c a s e s ,  f r o m  16 o f  w hich RS v iru s  had been  iso la ted . M ore o f  the  c a s e s
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f ro m  w hich RS v iru s  w as iso la ted  w ere  under 1 y e a r  (10 o f  16) than  o f those  
w ithout v iru s  iso la tio n  (6 o f  22). P a ire d  s e ra  w e re  rece iv ed  f ro m  32 o f  the 
73 c a se s  f ro m  w hich RS v iru s  w as iso la ted ; fo u rfo ld  o r  g re a te r  t i t r e  r i s e s  
to RS v iru s  w e re  found in  only 16 o f th e se . E leven  o f the  16 ch ild ren  who 
fa ile d  to  show a CF antibody re sp o n se  w ere  aged 3 m onths o r  le s s .  O f the 
c a s e s  w ith CF t i t r e  r i s e s  ag a in st RS v iru s ,  bu t no RS v iru s  iso la tio n , rh in o ­
v iru s e s  w e re  iso la ted  f ro m  tw o, one o f  w hich a lso  showed a  CF t i t r e  r i s e  
a g a in s t the ad enov iru s g roup , h e rp e s  sim plex  f ro m  one and CF t i t r e  r i s e s  
w e re  found  a g a in s t p a ra in flu en za  group in  two c a se s .
E vidence o f  adenov iru s in fec tio n  w as found by  th e  CF te s t  in  eight c a s e s  
f ro m  two o f  which adenov irus had been  iso la ted . O f the six  in fe c tio n s  
d iagnosed only by the CF te s t ,  one w as a sso c ia te d  w ith rh in o v iru s  iso la tio n  
and RS v iru s  CF r i s e ,  one w ith p a ra in flu e n z a  3 iso la tio n  and one w ith a CF 
t i t r e  r i s e  ag a in s t the p a ra in flu en za  group. P a ire d  s e ra  w ere  obtained 
f ro m  seven  o f the 14 ch ild ren  f r o m  whom ad enov iru s w as iso la te d ; in  only 
2 c a s e s  w e re  s ig n if ic a n t CF t i t r e  r i s e s  found.
T h e re  w ere  seven  p a ra in flu en za  v iru s  in fe c tio n s  d iagnosed  by the  CF 
te s t ,  p a ra in flu e n z a  type 3 v iru s  w as a lso  iso la ted  f ro m  one o f th em , RS 
v iru s  f r o m  an o th e r and a rh in o v iru s  f ro m  a  th ird  ca se . In add ition , CF 
t i t r e  r i s e s  w e re  found a g a in s t RS v iru s  in  two c a s e s  and a g a in s t ad enov iru s 
in  one ca se . P a ire d  s e ra  w e re  re c e iv e d  f r o m  12 o f  th e  20 c a s e s  f ro m  whom 
p a ra in f lu e n z a  v iru s e s  w ere  iso la te d , only one o f  th e se  showed ev idence o f
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in fec tio n  by the CF te s t .
N eu tra liz ing  A ntibodies.
N eu tra liz ing  an tibod ies ag a in st the R andall s tr a in  o f RS v iru s  d ilu ted  in  
25% unheated  ra b b it se ru m  w ere  m e asu re d  in  70 p a ir s  o f s e ra  co llec ted  
betw een D ecem ber 1964 and January  1966.
N eu tra liz ing  antibody le v e ls  in  the in itia l sp ec im en s (taken le s s  than 5 
days a f t e r  the  onse t o f  illn e ss )  a r e  shown acco rd ing  to  age in  F ig . 11.1.
A ll but one o f  the  23 s e ra  f r o m  ch ild ren  aged 4 m onths o r  l e s s  had de tec tab le  
antibody, p resu m ab ly  m a te rn a l. In c o n tra s t ,  only th re e  o f the  18 s e ra  f ro m  
ch ild ren  aged 5 to  11 m onths contained any RS antibody. T h e re a f te r  the 
p ro p o rtio n  o f  c h ild ren  w ith antibody in c re a se d  w ith age so th a t only 1 o f 12 
s e ra  f ro m  c h ild ren  aged 3 y e a rs  and o ld e r  had no d e tec tab le  antibody. I f  
n eu tra liz in g  antibody w ere  p ro tec tiv e  m o st RS v iru s  in fe c tio n s  m ight be 
expected  to  o ccu r in  the second 6 m onths o f l i f e ,  in  f a c t ,  the  h ig h est RS 
iso la tio n  r a te  (T ables 11.7 and 11.13) i s  in  ch ild ren  u n d er 6 m onths. P o ss ib le  
exp lanations o f  th is  anom aly a r e  th a t m a te rn a l antibody does not p ro te c t 
ch ild ren  f ro m  in fe c tio n  o r  th a t RS v iru s  i s  m o re  d i f f ic u l t  to  iso la te  f ro m  
o ld e r ch ild ren .
E vidence o f RS v iru s  in fe c tio n  (e ith e r iso la tio n  o r  fo u r fo ld  o r  g re a te r  
CF o r  n e u tra liz in g  antibody t i t r e  r is e s )  w as c o rre la te d  w ith n eu tra liz in g  
antibody le v e ls  in  the in itia l spec im en  (Table 11.18). O f 26 ch ild ren  w ith 
no d e tec tab le  antibody in  th e ir  in itia l s e ra  19 (73%) w ere  in fe c te d  w ith  RS 
v iru s  and o f  44 ch ild ren  w ith antibody 19 (43%) w e re  in fe c te d . C h ild ren
166
w ith evidence o f  RS v iru s  in fec tio n  p o sse sse d  antibody in  19 (50%) o f 38 
c a s e s ; th o se  w ith no evidence o f in fec tio n  had antibody in  25 (78%) o f 
32 c a se s . O f the  19 ch ild ren  w ith RS v iru s  antibody who w ere  in fe c te d ,
11 (58%) w e re  u n d er 5 m onths (Table 11.19 and F ig . 11.2).
A lthough th e  data  on RS n eu tra liz in g  an tibod ies w ere  obtained f r o m  a 
se lec ted  population o f  s ick  ch ild ren  they  m ight re v e a l i f  th e re  w as any 
a sso c ia tio n  betw een  RS v iru s  iso la tio n  and antibody le v e ls  o r  age o f  the 
c h ild ren  (Table 11.19 and F ig . 11.2). The g eo m etric  m eans o f  the in itia l 
antibody t i t r e s  showed no s ig n if ic a n t d if f e re n c e  betw een the th re e  groups 
o f ch ild ren  u nder 6 m onths. T h e re  w ere  too few  ch ild ren  in  the group 
w hich w ere  R S-positive  by sero logy  only to  allow  p ro p e r  an a ly s is . The 
h ig h e st m ean  t i t r e  w as in  ch ild ren  who w ere  R S -positive  by iso la tion . In 
ch ild ren  ov er 6 m onths old the  m ean  in itia l antibody t i t r e  o f  the group who 
w ere  R S -positive  by iso la tio n  w as s ig n if ican tly  lo w er than  th e  m ean  o f the 
group who w ere  R S-negative and su b stan tia lly , though not s ig n if ican tly  
lo w er than  the  m ean o f the  group who w ere  R S -positive  by  se ro lo g y  only.
RS v iru s  n eu tra liz in g  antibody w as found  in  a l l  ten  ch ild ren  u nder 6 m onths 
who w ere  R S -positive  by iso la tio n  bu t in  only two o f  11 s im ila r  ch ild ren  
o v e r 6 m onths. T h u s, iso la tio n  o f RS v iru s  w as a sso c ia te d  w ith a  d e fic ien cy  
o f n eu tra liz in g  antibody in  ch ild ren  aged 6 m onths and o ld e r b u t not in  
younger ch ild ren .
F o u rfo ld  o r  g re a te r  r i s e s  in  n eu tra liz in g  antibody t i t r e s  a g a in s t RS v iru s
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w e re  found in  31 (44%) o f  the 70 c a se s  te s ted . In 21 o f  th e se  c a s e s ,  
in fe c tio n  w ith RS v iru s  w as a lso  shown by o th e r m ethods: by iso la tio n  
only in  f o u r  c a s e s ,  by  fo u r fo ld  o r  g re a te r  CF t i t r e  r i s e s  only in  seven  
c a s e s  and by both  iso la tio n  and CF m ethods in  te n  c a se s . P a ire d  s e ra  
f r o m  21 c a s e s  w ith RS v iru s  iso la tio n  showed fo u r fo ld  o r  g re a te r  r i s e s  
in  n eu tra liz in g  an tibod ies in  14 (67%), the seven  c a s e s  w hich fa ile d  to  
show th is  se ro lo g ica l re sp o n se  w ere  a l l  aged 3 m onths o r  le s s .  A ll but 
one o f 18 c a se s  which showed fo u rfo ld  o r  g re a te r  CF t i t r e  r i s e s  a lso  showed 
s im ila r  n eu tra liz in g  t i t r e  r i s e s .
M ultiple In fec tio n s
Dual iso la tio n s  f ro m  th ro a t and nose  sw abs w ere  m ade f ro m  16 
c h ild ren  in  h o sp ita l. E vidence o f  in fe c tio n  by m o re  than  one agent w as 
obtained in  a  f u r th e r  nine c a se s  by se ro lo g ica l te s ts  (Table 11.20).
In fluenza  v iru s e s  w ere  found in  a sso c ia tio n  w ith o th e r in fe c tio n s  
tw ice , RS v iru s  14 t im e s , p a ra in flu e n z a  v iru s e s  9 t im e s , rh in o v iru se s  10 
t im e s , h e rp e s  sim plex  5 t im e s ,  ad en o v iru se s  10 tim e s  and e n te ro v iru se s  
once. I t  i s  d i f f ic u l t  to e x p re s s  th e se  f ig u re s  in  a co m p ara tiv e  way s in ce  
se ro lo g ic a l te s t s  w e re  not ava ilab le  f o r  a ll v iru s  g roups and p a ire d  s e r a  
w e re  av a ilab le  f r o m  only about h a lf  th e  c h ild ren  studied . H ow ever, w ith 
th e se  lim ita tio n s , the m ultip le  in fe c tio n s  w ith a  given v iru s  o r  v iru s  group 
m ay b e  ex p re sse d  a s  a  p e rce n tag e  o f  th e  to ta l num ber o f  in fe c tio n s  w ith 
th a t agen t o r  group o f  agen ts  de tec ted  by e i th e r  iso la tio n  o r  CF te s ts .
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On th is  b a s is  45% o f adenov iru s in fe c tio n s  and 32% o f p a ra in flu en za  
in fe c tio n s  w ere  a sso c ia te d  w ith an o th er v iru s ;  betw een 22% and 25% o f 
h e rp e s ,  rh in o v iru s  and in flu en za  in fe c tio n s  w ere  m u ltip le  ones bu t le s s  
than  15% RS v iru s  and 6% en te ro v iru s  in fe c tio n s  w ere  a sso c ia te d  with 
an o th e r v iru s .
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CHAPTER 12
A SUMMARY OF VIRUSES ISOLATED FROM  800 
CASES, TANUARY1962 to  A PR IL 1966
T echniques f o r  iso la tin g  re s p ir a to ry  v iru s e s  tend to  be  cum bersom e 
and the  sc a le  o f  m y s tu d ies  on re s p ir a to ry  d ise a se  w as th e re fo re  lim ited .
A s a r e s u l t  the  nu m b ers  o f  c a se s  in  som e o f  the  g roups w ere  too sm all 
to allow  f i r m  conclusions to  be  draw n. In th is  C h ap te r, the r e s u l t s  
d e sc rib e d  in  C h ap te rs  9, 10 and 11 a r e  su m m arized  to g e th e r and v a r io u s  
ob se rv a tio n s  a r e  m ade about the  re la tiv e  f re q u e n c y  o f  v a r io u s  v iru s e s  
am ong the  population g ro u p s , the re la tio n sh ip  o f  v iru s e s  iso la ted  to  il ln e s s  
am ong c h ild re n , the e f f e c t  o f  age on the p a tte rn  o f  v iru s e s  iso la ted  f ro m  
re s p ir a to ry  d is e a s e , the seaso n a l d is tr ib u tio n  o f  v iru s e s  iso la te d , the 
a sso c ia tio n  o f  v a r io u s  rh in o v iru s  se ro ty p es  w ith the v a r io u s  population 
g roups and , f in a l ly ,  the m onthly d is trib u tio n  o f  rh in o v iru s  se ro ty p es .
T h e re  a r e  p ro b lem s in  com bining r e s u l t s  obtained f ro m  d if f e r e n t  populations 
a t  d i f f e r e n t  tim e s  bu t I sh a ll a ttem p t to  m ake only such o b se rv a tio n s  a s  a r e  
ju s tif ie d  w ith in  th e se  lim ita tio n s .
A to ta l o f  302 v iru s e s  w e re  re c o v e re d  f r o m  the  re s p ir a to ry  t r a c t  o f  
800 p e rs o n s  w ith o r  w ithout r e s p ir a to ry  d is e a s e  (Table 12.1). T he population 
g roups f r o m  w hich th e se  v iru s e s  w e re  iso la ted  and th e  fre q u e n c y  w ith  w hich 
they  w ere  found  a r e  shown in  T ab le  12.1 and F ig . 12.1. V iru se s  w ere  
iso la ted  f r o m  50% o f non -b ro n ch itic  ad u lts  w ith re s p ir a to ry  d is e a s e  and 
f r o m  18% o f  r e s p ir a to ry  ep iso d es  in  ch ron ic  b ro n c h itic s , f r o m  47% o f
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ch ild ren  in  h o sp ita l and 32% o f  ch ild ren  a t  hom e w ith re s p ir a to ry  d ise a se . 
The n o n -b ronch itic  ad u lts  w ere  younger than  those  w ith ch ron ic  b ro n ch itis  
and th is  could explain  th e  lo w er iso la tio n  r a te  f ro m  the  la t te r  group. 
S im ila rly  th e  ch ild ren  in  h o sp ita l w ere  g en era lly  younger than tho se  a t  hom e. 
V iru se s  w e re  re c o v e re d  f r o m  28% o f  ch ild ren  in  h o sp ita l w ith d ia rrh o e a  
and 13% o f sym p to m less  ch ild ren  a t hom e. In fluenza  v iru s e s  w ere  r e ­
covered  only f ro m  people w ith r e s p ir a to ry  il ln e s s  and m o st fre q u e n tly  
f ro m  ch ild ren  and ad u lts  a t  hom e although the v iru s  iso la tio n  r a te s  o f  15% 
and 8% re sp e c tiv e ly  m ay be  abno rm ally  high b ecau se  a  d isp ro p o rtio n a te  
num ber o f  spec im en s w ere  co llec ted  f ro m  th e se  two groups during  the  
in flu en za  B o u tb reaks in  1962 and 1966. P a ra in f lu e n z a  v iru s e s  w ere  found 
sligh tly  m o re  o f te n  in  ch ild ren  than in  ad u lts  w ith r e s p ir a to ry  d is e a se  but 
n ev e r in  m o re  than  5% o f c a s e s ; th e se  v iru s e s  w ere  a lso  found in  2% o f  
ch ild ren  in  h o sp ita l w ith d ia rrh o e a l il ln e s s . RS v iru s  w as found only in  
ch ild ren  and , a p a r t  f r o m  one child  a t hom e w ith r e s p ir a to ry  i l ln e s s  and 
one child  in  h o sp ita l w ith d ia rrh o e a , a ll iso la tio n s  w ere  m ade f ro m  
ch ild ren  in  h o sp ita l w ith re s p ir a to ry  il ln e s s ;  RS v iru s  w as a sso c ia te d  
w ith 20% o f such il ln e s s . R h in o v iru ses  a p p ea r to be  the m o st ub iquitous 
o f  the v iru s e s .  They w ere  found  in  a l l  six  population g roups: in  8%
to  13% o f ch ild ren  and 16% to  40% o f adu lts . The rh in o v iru s  iso la tio n  
r a te s  in  c h ild ren  w ith r e s p ir a to ry  d is e a se  and in  those  w ithout a r e  s im ila r .  
H erp es  sim plex  v iru s  w as found m o st o f te n  in  c h ild ren  in  h o sp ita l (5% o f
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those  w ith re s p ir a to ry  il ln e s s  and 4% o f  th o se  w ithout). T h is  v iru s  w as a lso  
iso la ted  f ro m  two ch ild ren  a t  hom e w ith re s p ir a to ry  il ln e s s  and f ro m  one 
ch ron ic  b ro n ch itic . A p art f r o m  one adenov irus iso la ted  f ro m  a child  w ith 
r e s p ir a to ry  i l ln e s s  a t  hom e, a ll the ad en o v iru se s  and e n te ro v iru se s  w ere  
iso la ted  f ro m  ch ild ren  in  h o sp ita l and w ith s im ila r  freq u en cy  f ro m  those  
w ith r e s p ir a to ry  and those  w ith d ia rrh o e a l i l ln e s se s .
The fre q u e n c y  o f v iru s e s  iso la ted  f ro m  v a rio u s  i l ln e s s e s  o f ch ild ren  
(Fig. 12.2.) h a s  been  ca lcu la ted  by com bining r e s u l ts  obtained f ro m  ch ild ren  
in  h o sp ita l and ch ild ren  a t  hom e. M ost o f  the  u p p er r e s p ir a to ry  il ln e s s e s  
w ere  in  ch ild ren  a t  hom e who tended to  be  o ld e r and p o ssib ly  o f  h ig h e r 
socioeconom ic g roups than ch ild ren  in  h o sp ita l. Such d if f e re n c e s  m u st b e  
em ph asised  when in te rp re tin g  the fo llow ing  an a ly sis . A s th e re  w e re  only 
nine c a s e s  o f  c ro u p , r e s u l ts  in  th is  group a r e  u n re liab le . In fluenza  v iru s e s  
w ere  iso la ted  m o st f re q u e n tly  f ro m  croup  (22%) and u p p er re s p ir a to ry  
i l ln e s s  (12%)f only r a r e ly  f ro m  pneum onia and b ro n c h itis  and not a t  a ll f ro m  
ch ild ren  w ithout re s p ir a to ry  i l ln e s s . P a ra in f lu e n z a  v iru s e s  w e re  iso la ted  
m o st o f te n  f r o m  croup  (11%), then pneum onia, u p p er re s p ir a to ry  il ln e s s  and 
b ro n c h itis ; 1% o f  ch ild ren  w ithout re s p ir a to ry  i l ln e s s  a lso  y ie lded  p a r a ­
in flu en za  v iru s e s .  RS v iru s  w as iso la ted  f ro m  22% o f  both b ro n c h itis  and 
pneum onia c a s e s ;  only 4% o f ch ild ren  w ith u p p er re s p ir a to ry  il ln e s s  and 
1% o f tho se  w ithout r e s p ir a to ry  i l ln e s s  y ie lded  RS v iru s . R h in o v iru ses  w ere  
iso la ted  m o st o f te n  f ro m  c h ild ren  w ith c ro u p , u p p er r e s p ir a to ry  i l ln e s s  o r
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no re s p ir a to ry  il ln e s s  (10% to 11%) bu t only s ligh tly  le s s  o f te n  f ro m  ch ild ren  
w ith b ro n ch itis  and pneum onia. H erpes  sim plex  w as found in  11% o f croup 
c a s e s ,  9% o f  pneum onia c a s e s ,  and 2 -  3% o f  b ro n ch itis  c a se s ,u p p e r  r e s p i r a ­
to ry  i l ln e s s e s  and ch ild ren  w ithout re s p ir a to ry  il ln e s s . A denov iruses w ere  
found in  11% o f  ch ild ren  w ith c ro u p , 6% o f  ch ild ren  w ith pneum onia and ch ild ren  
w ithout r e s p ir a to ry  d is e a se  and 2% o f ch ild ren  w ith b ro n ch itis  o r  upper r e s p i r a ­
to ry  il ln e s s . E n te ro v iru se s  w ere  iso la ted  f ro m  4% o f  ch ild ren  w ithout r e s p i r a ­
to ry  d ise a se  and 2% to  3% o f ch ild ren  w ith  re s p ir a to ry  i l ln e s s e s ,  excep t croup. 
V iru se s  w ere  m o st fre q u e n tly  iso la ted  f ro m  the  croup  (66%) and pneum onia 
(53%) c a se s  then  f ro m  b ro n ch itis  (41%) and upper re s p ir a to ry  i l ln e s s  (37%) 
and , f in a l ly ,  f r o m  ch ild ren  w ithout re s p ir a to ry  i l ln e s s  (25%).
The e f f e c t  o f  age on the  fre q u e n c y  o f v iru s e s  iso la ted  h as  been  observed  
by com bining the r e s u l ts  obtained f ro m  656 p e rso n s  w ith re s p ir a to ry  d ise a se  
(Fig. 12.3). The d an g ers  o f  d raw ing f a l s e  conclusions f ro m  such com bined 
r e s u l t s  m u st again  be  em phasised . F o r  exam ple , m o st o f the young ch ild ren  
had m o re  se v e re  i l ln e s s e s  and m o st o f  the o ld e r ad u lts  w e re  ch ron ic  
b ro n c h itic s ; in  th e se  c a se s  d if f e r e n t  age g roups a lso  co rresp o n d  to d i f f e r e n t  
population g roups. T h ree  v iru s  g roups ap p e a r to b e  m o st m ark ed ly  a f fe c te d  
by age: th e se  a r e  in flu en za  v i ru s e s ,  RS v iru s  and rh in o v iru se s . In fluenza  
v iru s e s  w e re  f i r s t  iso la ted  f ro m  ch ild ren  betw een 1 and 5 y e a r s  (3%) the  
iso la tio n  r a te  r i s e  sh a rp ly  to 37% f ro m  ch ild ren  aged 6 - 1 5  y e a rs  and then  
declined  to  4% and below  in  p e rso n s  o v er 15 y e a rs . The v e ry  high fre q u e n c y
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in  the  6 -15 y e a rs  ag e-g ro u p  m ay be p a r tly  re la te d  to  the co llec tion  o f a
0
d isp ro p o rtio n a te  num ber o f spec im ens f ro m  schoo lch ild ren  during  the 
in flu en za  B ou tb reak  o f 1966. RS v iru s  w as iso la ted  f ro m  30% o f  ch ild ren  
under 1 y e a r  and the iso la tio n  r a te  declined  rap id ly  w ith in c re a s in g  age to 
0% in  ch ild ren  ov er 5 y e a rs . R h inov iru ses w e re  iso la ted  f ro m  5% to  10% 
o f ch ild ren  u n d er 16, bu t th e  iso la tio n  r a te  ro s e  rap id ly  w ith age to  48% in  
young ad u lts  16 -  30 y e a r s  old. T h e re a f te r ,  th e re  w as a decline  to 14% 
in  ad u lts  aged 46 -  60 y e a rs  and 0% in  the few  c a s e s  o v e r 60 y e a rs  old. 
None o f the rem a in in g  v iru s  g roups had iso la tio n  r a te s  above 10% in  any 
age group. P a ra in f lu e n z a  v iru s e s  w ere  found in  5% to 7% o f ch ild ren  
u n d er 5 y e a r s  and le s s  o f te n  w ith in c re a s in g  age. H erp es  sim plex  v iru s  
w as not iso la ted  f ro m  ch ild ren  u nder 1 y e a r  and w as m o st fre q u e n tly  
iso la ted  f r o m  1 - 1 5  y e a r-o ld  ch ild ren . A denovirus iso la tio n s  ro s e  f ro m  
4% in  the f i r s t  y e a r  to 7% in  the second y e a r  and then  declined  w ith 
in c re a s in g  age and w ere  not found in  p e rso n s  o v e r 15 y e a rs  old. E n te ro ­
v iru s e s  w e re  found in  2% o f  ch ild ren  u n d er 2 y e a r s  and not a t  a ll  in  people 
o v e r 5 y e a rs  old. A ll o f  th e  seven  v iru s  g roups studied  w ere  found in  
ch ild ren  1 - 5  y e a rs  old. In fluenza  and h e rp e s  s im plex  w ere  not found in  
c h ild ren  u n d er 1 y e a r . F iv e  o f the seven  groups w ere  found in  ch ild ren  
aged 6 - 1 5  y e a r s ,  th re e  o r  f o u r  in  ad u lts  betw een 16 and 45 y e a rs  and 
only two (in fluenza and rh in o v iru se s )  in  p e rso n s  o v e r 45 y e a rs .
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The seaso n a l v a r ia tio n  in  the freq u en cy  o f v iru s e s  iso la ted  f ro m  
the 800 p e rso n s  studied betw een January  1962 and A p ril 1966 h a s  been  
obtained by com bining the  r e s u l ts  o f 4 y e a rs  and 4 m onths (F ig u res  12.4 
and 12.5). The m o st m ark ed  seaso n a l v a ria tio n  i s  shown by in flu en za  
v iru s e s ,  RS v iru s ,  rh in o v iru se s  and e n te ro v iru se s  (Fig. 12.4). In fluenza  
v iru s  iso la tio n s  w ere  m o st f re q u e n t in  January  (16%) and a p a r t  f r o m  one 
iso la tio n  in  June, w ere  only m ade in  th e  f i r s t  th re e  m onths o f the y e a r .
RS v iru s  w as iso la ted  a lm o s t e n tire ly  du ring  th e  w in te r m on ths, S ep tem ber 
to M arch , w ith a peak  in  N ovem ber (20%). R h inov iru ses w e re  iso la ted  
f ro m  6% o r  m o re  o f  the c a se s  te s te d  th roughout th e  y e a r . They w ere  
iso la ted  le a s t  o f te n  in  the w in te r m onths (N ovem ber to  F eb ru a ry ) and in  
A ugust. T h e re  a p p ea r to be  two d e fin ite  peaks: May (29%) and O ctober
(18%). The high iso la tio n  r a te  f o r  July (33%) is  u n re liab le  a s  only 9 c a se s  
w e re  exam ined. The e n te ro v iru se s  w ere  m o st f re q u e n tly  iso la ted  in  th e  
su m m e r m onths w ith a peak  in  June (17%). P a ra in f lu e n z a  v i ru s e s ,  h e rp e s  
sim plex  v iru s  and ad en o v iru ses  w ere  not iso la ted  f ro m  m o re  than  8% o f 
the c a s e s  in  any m onth (Fig. 12.5) and they th e re fo re  show only sm a ll s e a ­
sonal v a r ia tio n s . P a ra in f lu e n z a  v iru s e s  w e re  m o st com m only iso la ted  
in  the  Spring (A pril and May) and e a r ly  w in te r (N ovem ber). H erp es  s im plex  
and ad en o v iru se s  w ere  iso la ted  f ro m  2% to 5% o f  the c a se s  in  m o st m onths 
and m o st f re q u e n tly  in  S ep tem ber (8%).
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T h ir ty -se v e n  o f the 95 rh in o v iru se s  iso la ted  w ere  not n eu tra liz ed  by 
any o f the  40 a n tis e ra  used . Twenty o f the rem a in in g  58 w ere  n eu tra liz ed  
by 11 p ro to type a n tis e ra  and 38 by 13 R uchill a n tis e ra  (Table 12.2). Not 
m o re  than  six  s tra in s  o f  any one se ro ty p e  w ere  iso la ted  betw een January  
1962 and A p ril 1966 and i t  i s  th e re fo re ,  not p o ssib le  to  d raw  any d e f in ite  
conclusions about individual se ro ty p es . H ow ever, som e g en era l o b se rv a tio n s  
a r e  ju s tif ie d  on the re la tio n sh ip  o f  v a rio u s  se ro ty p e s  to p a r t ic u la r  d ise a se  
g roups and the seaso n a l o cc u rre n c e  o f the se ro ty p es .
T h ir te e n  o f the 14 rh in o v iru se s  iso la ted  f ro m  p a tien ts  w ith ch ron ic  
b ro n c h itis  w ere  id e n tif ied  se ro lo g ica lly  and belonged to  11 d if f e r e n t  s e ro ­
types (Table 12.2). Only th re e  o f th e se  se ro ty p e s  (1321-62, 130-63 and 
1376-64) w e re  not a lso  iso la ted  f ro m  m ild  re s p ir a to ry  d is e a se  in  adu lts  
o r  ch ild ren  a t hom e. F o u rteen  o f the 32 rh in o v iru se s  iso la ted  f ro m  se v e re  
r e s p ir a to ry  i l ln e s s  o f  ch ild ren  in  h o sp ita l w e re  u n id e n tified , the rem a in in g  
18 s tr a in s  belonged to 12 se ro ty p es  (Table 12.2). F iv e  o f the  12 ty p es  
w ere  iso la ted  only f ro m  ch ild ren  in  h o sp ita l w ith r e s p ir a to ry  d ise a se .
The m onthly inc idence o f  rh in o v iru s  se ro ty p es  (Fig. 12.6) in d ica te s  th a t 
a t  m o s t tim e s  th e re  a r e  s e v e ra l d i f f e r e n t  s e ro ty p e s  c irc u la tin g  in  the 
population  sim ultaneously . Two o r  m o re  s tra in s  o f  s e v e ra l se ro ty p es  
w e re  iso la ted  only d u ring  one perio d  o f 5 -  6 m onths during  the  fo u r  y e a rs  
and fo u r  m onths o f  study , f o r  exam ple 179E, 68, 16 /60 , 11757, 4704-62 , 
130-63, 2030-65, suggesting  m in o r o u tb reaks. Single s tra in s  o f  o th e r
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se ro ty p es  w ere  iso la ted  a t in te rv a ls  o f  3 y e a rs  (FEB , 363, 1192-65), 2 y e a rs  
(4574-62, 4462-63, 4411-65) o r  1 y e a r  (B632). Serotype 1833-63 w as 
iso la ted  sp o rad ica lly  ov er a p erio d  o f 2 y e a rs . I f  4574-62 and 1767-65 a r e  
co n sid ered  to b e  the sam e se ro ty p e  (see C hap ter 4 and T ab le  4.10) th e re  is  
evidence th a t two o u tb reaks m ay have o c c u rre d  sep a ra ted  by two y e a rs .
T hus, no c le a r  p a tte rn  o f seaso n a l o ccu rren c e  em erg es .
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CHAPTER 13 
DISCUSSION.
The epidem iology o f each o f the groups o f  v iru s e s  iso la ted  during  
th is  study i s  unique to  i t s e l f  and i t  th e re fo re  se em s m o st convenient to 
co n s id e r s e p a ra te ly  each  o f th e  seven  groups. The p a r t ic u la r  a sp e c ts  
w hich have been  investiga ted  in  th is  w ork a re  the  re la tiv e  fre q u e n c y  w ith 
w hich th e  v iru s e s  have been  iso la te d , the age and population g roups in  which 
they w ere  fo u n d , th e  d is e a se s  w ith which they  w ere  a sso c ia te d  and th e ir  
seaso n a l p rev a len ce .
In fluenza  V iru se s  
D uring th is  study th e re  w ere  fo u r  ou tb reaks  o f in flu en za  in  Glasgow 
(G ris t, R o ss  and S to tt, 1967; T a y lo r , R oss and S to tt, 1967): due to  type A 
in  1963 and 1965, type B in  1962 and types A and B in  1966. V iru se s  w ere  
iso la ted  f ro m  each  o f th e se  o u tb reaks. In flu en za  A2 w as iso la ted  once in  
1963, tw ice in  1965 and once in  1966. In fluenza  B w as iso la ted  s ix  tim e s  
in  1962, once in  the su m m e r o f  1965 and 18 tim e s  in  1966. T h u s, in flu en za  
A2 w as iso la ted  in fre q u e n tly , p o ssib ly  b ecau se  th e re  w e re  few  in fe c tio n s  in  
the  age g roups w hich I studied o r  b ecau se  the techn iques  which I u sed  w ere  
in sen s itiv e . R ep re sen ta tiv e  s tra in s  iso la ted  during  th e se  ou tb reak s w ere  
s im ila r  to  s tra in s  iso la ted  in  p rev io u s  y e a rs  in  B rita in  (P e re ir a ,  1966).
In flu en za  v iru s e s  w ere  found m o st fre q u e n tly  in  ch ild ren  betw een 6 
and 15 y e a r s  old bu t th is  i s  b ecau se  a d isp ro p o rtio n a te ly  la rg e  num ber o f
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schoo lch ild ren  o f th is  age-g ro u p  w ere  exam ined during  the  type B in flu en za  
ep idem ics. I t d o es , how ever, a p p ea r th a t th e se  v iru s e s  cau se  only a sm a ll 
p ro p o rtio n  o f  lo w er re s p ir a to ry  il ln e s s e s  in  younger ch ild ren .
In fluenza  v iru s e s  w ere  iso la ted  only f ro m  p a tien ts  w ith r e s p ira to ry  
i l ln e s s ; th u s , th e re  w as no evidence o f  sym ptom less  in fe c tio n s . T hese  
v iru s e s  w e re  iso la ted  f ro m  15% o f  ch ild ren  and 8% o f ad u lts  a t hom e in  th is  
study bu t th e se  f ig u re s  a re  m uch h ig h e r than  th o se  o f H iggins and co lleagues 
(1966) and a r e  p robab ly  due to  the h ig h e r p ro p o rtio n  o f  c a se s  w hich I exam ined 
during  in flu en za  o u tb reak s. T h e re  m ay be  o th e r d if f e re n c e s  betw een the 
m ain ly  r u r a l  population studied  by H iggins and c o -w o rk e rs  and th e  u rb an  
population o f  Glasgow.
E vidence o f  in flu en za  in fe c tio n s  in  ch ron ic  b ro n c h itic s  w as sought during  
the  type A ou tb reak  o f 1963 and the  type B ou tb reak  o f  1962. H ow ever, no 
in flu en za  v iru s e s  w e re  iso la ted  and only one o f  47 ex ace rb a tio n s  investiga ted  
w as a sso c ia te d  w ith a s ig n if ic a n t CF antibody r i s e  a g a in s t in flu en za  A o r  B. 
T h is  r e s u l t  is  s u rp r is in g  s in ce  in flu en za  v iru s e s  a r e  known to cau se  se v e re  
i l ln e s s e s  in  p a tien ts  w ith ch ron ic  b ro n c h itis  (S tu a r t-H a rr is  and H anley, 1957) 
and S tark  and c o -w o rk e rs  (1965) found 6.1% o f  ex ace rb a tio n s  w ere  a sso c ia te d  
w ith  in flu en za  B in fe c tio n s . P o ss ib le  exp lanations o f  th is  a r e  tha t only a 
sm a ll p ro p o rtio n  o f  ch ron ic  b ro n c h itic s  s u f f e r  th e  se v e re  d is t r e s s  d e sc rib e d  
by S tu a r t-H a rr is  and H anley o r  th a t the  o u tb reak s  o f  in flu en za  inv estig a ted  
by u s  w ere  unusually  m ild.
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In fluenza  v iru s e s  w ere  iso la ted  f ro m  le s s  than  2% o f  ch ild ren  in  
h o sp ita l w ith re s p ir a to ry  d ise a se  du ring  th e  whole study , b u t, during
the  ou tb reak  in  January  and F e b ru a ry  1966, in flu en za  v iru s e s  w e re  found
in  5 (28%) o f the  18 ch ild ren  studied . T hese  o b se rv a tio n s  a r e  c lo se ly
s im ila r  to those  o f  Chanock and P a r r o t t  (1965a) and H olzel and co lleagues
(1965a).
M ost o f  the in flu en za  v iru s e s  w ere  iso la ted  f ro m  people w ith co lds 
o r ,  m o re  o f te n , m ild  in f lu e n z a -lik e  il ln e s s . In ch ild ren  in  h o sp ita l 
how ever, two c a s e s  o f  croup  and fo u r  o th e r  lo w er re s p ir a to ry  t r a c t  i l ln e s s e s  
w ere  a sso c ia te d  w ith in flu en za  in fe c tio n s ; an  a sso c ia tio n  betw een in flu en za  
A2 and c roup  h a s  been  p rev io u sly  re p o rte d  (F o rb e s , 1958).
AH bu t one o f  the in flu en za  v iru s e s  w ere  iso la ted  in  th e  f i r s t  th re e  
m onths o f  the y e a r . T h is  c lo se ly  d efin ed  seaso n a l d is tr ib u tio n  a p p e a rs  to  
be c h a ra c te r is t ic  o f  in flu en za  v iru s  o u tb reak s  (S tu a r t-H a rr is ,  1965).
P a ra in f lu e n z a  V iru se s  
Only 27 p a ra in flu e n z a  v iru s e s  w e re  iso la ted  during  th is  study; seven 
type 1, one type 2 and 19 type 3. No s tra in s  o f p a ra in flu e n z a  type 4 w ere  
iso la te d ; p o ssib ly  b ecau se  a ll h aem ad so rp tio n  te s ts  w e re  done a t  4°C  which 
is  not the op tim al te m p e ra tu re  f o r  th is  type (Canchola e t a l . 1965). It is  
a lso  p o ss ib le  tha t only types 1 - 3  w ere  p re s e n t in  G lasgow during  the  p e rio d  
o f  study. T h e re  w as no ev idence o f  any ou tb reak  o f p a ra in flu e n z a  v iru s  
in fe c tio n s  lik e  th o se  re p o rte d  in  g en e ra l p ra c t ic e  (B anatvala e t a l. 1964) and
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in  c h ild ren  in  h o sp ita l (Lew is e t a l. 1961a; M cLean e t a l. 1963).
P a ra in f lu e n z a  v iru s e s  w ere  found m o st o f te n  in  ch ild ren  u nder 6 y e a rs  
old in  h o sp ita l bu t in fe c tio n s , p robab ly  re in fe c tio n s ,  o ccu rred  in  adu lts . 
T h is  d if f e re n c e  m ay not r e f le c t  a t ru e  d if f e re n c e  in  in fec tio n  r a te  since  
i t  i s  m o re  d if f ic u l t  to  iso la te  p a ra in flu en za  v iru s e s  f r o m  ad u lts  (Bloom 
e t a l. 1961).
P a ra in f lu e n z a  v iru s e s  w ere  iso la ted  f ro m  only two ch ild ren  who did not 
have r e s p ir a to ry  sym ptom s and one o f  th e se  developed lo w er re s p ir a to ry  
il ln e s s  th re e  days l a te r ,  suggesting  th a t sy m p to m less  in fe c tio n s  in  th is  
ag e-g ro u p  a r e  r a r e .  Although in  th is  study an  a sso c ia tio n  o f  p a ra in flu en za  
v iru s e s  w ith re s p ir a to ry  d is e a se  could not be p roved  s ta t is t ic a lly ,  la rg e r  
s tu d ie s  (Bell e t a l . 1961; Chanock and P a r r o t t ,  1965b) have shown such an 
a sso c ia tio n  in  ch ild ren .
P a ra in f lu e n z a  v iru s e s  w ere  iso la ted  f r o m  2.7% o f  c h ild ren  and 1.7% 
o f ad u lts  a t  hom e w ith re s p ir a to ry  d is e a se ; th e  iso la tio n  r a te  f ro m  
c h ild ren  i s  lo w er than  the  5% o f H iggins and co lleagues (1966) but the r a te  
f o r  a d u l ts  i s  a lm o s t th e  sam e a s  th o se  in  o th e r  s tu d ie s  (H am re e t a l . 1966; 
H iggins e t a l. 1966). P a ra in f lu e n z a  v iru s  in fe c tio n s  in  ch ron ic  b ro n ch itic s  
have  been  re p o rte d  (C aralli e t a l. 1964; S tark  e t a l. 1965) bu t they  w ere  
a sso c ia te d  w ith r e s p ir a to ry  i l ln e s s e s  w ithout ex ace rb a tio n s  a s  o f te n  a s  w ith 
ex ace rb a tio n s . P a ra in f lu e n z a  v iru s  w as iso la ted  only once f ro m  the 
b ro n c h itic s  we studied  and w as not a sso c ia te d  w ith an  ex acerbation . The 
iso la tio n  r a te s  o f  p a ra in flu e n z a  v iru s e s  f r o m  c h ild ren  in  h o sp ita l w ith
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re s p ir a to ry  d ise a se  w ere  1.0% f o r  type 1, 0.2% f o r  type 2 and 3.7% f o r  
type 3. T h is  i s  the sam e o rd e r  o f freq u en cy  a s  th a t found in  la rg e r  
s tu d ie s  although I found type 1 only h a lf  a s  o fte n  a s  o th e r  w o rk e rs  
(Chanock and P a r r o t t ,  1965a; H olzel e t a l. 1965a).
One o f  the two ad u lts  f r o m  whom p a ra in flu e n z a  v iru s e s  w ere  iso la ted  
had an in f lu e n z a - lik e  il ln e s s  and the o th e r a cold. Six o f  the 25 ch ild ren  
w ith  p a ra in flu e n z a  in fe c tio n s  had an u pper r e s p ir a to ry  i l ln e s s ,  one (type 
2) had c ro u p , seven  had b ro n c h itis , n ine had pneum onia and two had no 
r e s p ir a to ry  il ln e s s . T hese  r e p re s e n t  iso la tio n  r a te s  o f 4% f ro m  upper 
r e s p ir a to ry  i l ln e s s ,  3% f ro m  b ro n ch itis  and 6% f ro m  pneum onia. T hus, 
o u r iso la tio n  r a te  f r o m  u p p er re s p ir a to ry  il ln e s s e s  i s  lo w er and f ro m  low er 
r e s p ir a to ry  i l ln e s s e s  is  h ig h e r than tho se  in  o th e r  r e p o r ts  (Chanock and 
P a r r o t t ,  1965a; H olzel e t a l. 1965a).
No conclusions about the seaso n a l d is tr ib u tio n  o f p a ra in flu e n z a  v iru s  
in fe c tio n s  can b e  draw n f ro m  only 27 v iru s  iso la tio n s . R esu lts  f r o m  
la rg e r  s tu d ie s  suggest th a t p a rin flu e n z a  v iru s e s  a r e  endem ic and m o st 
com m on in  the  co ld e r m onths (P a r ro tt  e t a l. 1963b; Chanock and P a r r o t t ,  
1965a; H iggins e t a l. 1966). In o u r study th e re  w as a suggestion  tha t 
p a ra in flu e n z a  v iru s e s  w ere  m o st com m on in  the Spring and they m ight th e re ­
f o r e  b e  p a r tly  re sp o n s ib le  f o r  the ir r e g u la r i ty  in  the cu rv e  o f  n o tif ic a tio n s  
o f pneum onia in  c h ild ren  in  Glasgow w hich fo llo w s  the  m ain  RS v iru s  
o u tb reak  (G ris t e t a l. 1967).
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R e sp ira to ry  Syncytial V irus
R e sp ira to ry  syncy tia l v iru s  w as iso la ted  f ro m  83 c a se s . In fec tio n s  
w ere  d e tec ted  in  sh a rp ly  defined  o u tb reaks in  each o f the fo u r  w in te rs  
during  w hich ch ild ren  in  h o sp ita l w e re  investigated .
T he age a sso c ia tio n  o f  RS v iru s  i s  unique in  th a t i t  w as m o st com m only 
found  in  ch ild ren  u n d er one y e a r  (30%) and not a t  a l l  in  p e rso n s  ov er 5 y e a rs  
old. The population group f r o m  w hich th is  v iru s  w as iso la ted  is  a lso  
sh a rp ly  d e fin ed  sin ce  only one child  f ro m  whom th e  v iru s  w as iso la ted  w as 
not in  h o sp ita l. T h ese  o b se rv a tio n s  a g re e  w ith th o se  o f  o th e r w o rk e rs  in  
th is  coun try  and th e  U.S.A. (Chanock and P a r r o t t ,  1965a; H olzel e t a l. 1965a; 
MRC, 1965b; H iggins e t a l. 1966).
RS v iru s  h a s  been  a sso c ia te d  w ith ex ace rb a tio n s  o f  ch ron ic  b ro n c h itis  
(S om m erv ille , 1963; C a r i lli  e t a l. 1964). H ow ever, we found no evidence 
o f RS v iru s  in fe c tio n  in  ch ron ic  b ro n c h itic s  in  G lasgow although th is  v iru s  
caused  ou tb reak s o f  re s p ir a to ry  i l ln e s s  in  ch ild ren  in  the C ity du ring  th re e  
o f the  w in te rs  when ch ron ic  b ro n c h itic s  w ere  being  investiga ted .
RS v iru s  in fe c tio n  w as n ea rly  alw ays a sso c ia te d  w ith re s p ir a to ry  il ln e s s . 
T he only c a se  w hich did not have  r e s p ir a to ry  sym ptom s a t the tim e  th e  
v iru s  w as iso la ted  developed lo w er r e s p ir a to ry  t r a c t  s igns  th re e  days la te r .  
S even ty -six  (92%) o f  the  83 RS v iru s  in fe c tio n s  w ere  a sso c ia te d  w ith lo w er 
r e s p ir a to ry  i l ln e s s ;  th is  i s  a h ig h e r p ro p o rtio n  than h as  been  found  in  
o th e r  s tu d ie s  (Chanock and P a r r o t t ,  1965a; H olzel e t a l. 1965a).
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It is  d i f f ic u l t  to  p rove  th a t RS v iru s  in fe c tio n s  a r e  r a r e  in  o ld e r 
ch ild ren  and ad u lts ; they  m ay sim ply  b e  m o re  d if f ic u l t  to de tect. H ow ever, 
the  p red ilec tio n  o f RS v iru s  f o r  ch ild ren  u n d er six  m onths and se v e rity  o f 
the  i l ln e s s  which i t  c a u s e s , o f te n  in  th e  p re se n c e  o f  high le v e ls  o f  c i r ­
cu lating  an tibody, a r e  unique c h a ra c te r is t ic s .  In th is  contex t i t  i s  in ­
te re s t in g  th a t ch ild ren  in jec ted  in tra m u sc u la r ly  w ith a k illed  RS v iru s  
vacc in e  had m o re  RS v iru s  in fe c tio n s  and m o re  s e v e re  in fe c tio n s  than an 
unvaccinated  con tro l g roup , although th e  v acc in e  induced low  le v e l n eu tra liz in g  
antibody re sp o n se s  (P a r ro tt  e t a l. 1967; M uf son , 1967). A p o ssib le  exp lana­
tion  o f th is  i s  th a t the  vacc in e  " se n s itiz e d "  the  ch ild ren . A nother p o ssib le  
explanation  is  th a t the  vacc in e  induced the p roduction  o f antibody which 
com bined w ith the  v iru s  bu t did not n e u tra liz e  i t ;  such  an tibody-coated  
v iru s  p a r tic le s  m ight then  be  le s s  su scep tib le  to  n e u tra liz a tio n  by m o re  
"ac tiv e"  antibody. A s im ila r  s itu a tio n  h a s  been  shown to  o ccu r w ith 
N e is se r ia  gonorrhoeae  w here  I g G an tib o d ies , w hich a r e  only w eakly 
b a c te r ic id a l ,  red u ce  the ac tiv ity  o f  the  b a c te r ic id a l IgM  an tibod ies 
(Cohen, N orins and Ju lian , 1967). The co m p lem e n t-req u irin g  RS v iru s  
n eu tra liz in g  an tibod ies w hich w ere  re p o r te d  in  P a r t  I could b e  re le v a n t to  
such a  m echan ism . On th is  b a s is  i t  i s  a lso  p o ssib le  to  sp ecu la te  th a t 
m a te rn a l an tibod ies m ay ag g rav a te  an  RS v iru s  in fe c tio n  and th u s  explain  
the  high fre q u e n c y  and se v e rity  o f  RS v iru s  in fe c tio n s  in  ch ild ren  u nder 
six  m onths. T h is  l a t t e r  h y po thesis  does not explain  th e  re p e a te d , s e v e re
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in fe c tio n s  w hich do o ccu r in  ch ild ren , o fte n  w ith s tra in s  an tigen ically  
id en tica l (B eem , 1965).
The p re se n c e  o f RS n eu tra liz in g  antibody in  the  acu te  s e ra  o f ch ild ren  
in fe c te d  w ith th is  v iru s  h a s  been  observed  p rev io u sly  (Beem e t a l. 1960; 
Chanock e t a l. 1961). H ow ever, a co m p ariso n  o f the n eu tra liz in g  antibody 
le v e ls  in  acu te  s e ra  o f  ch ild ren  w ith RS in fe c tio n  w ith those  o f ch ild ren  
w ithout such  in fe c tio n  does not a p p ea r to  have been  re p o rte d . In ch ild ren  
u nder six  m on ths, w hose antibody is  m o st p robab ly  m a te rn a l, th e re  w as 
l i t t le  d if f e re n c e  betw een the  antibody le v e ls  o f  in fe c te d  and tho se  o f un in ­
fe c te d  ch ild ren . In ch ild ren  o v e r six  m on ths, who would have l i t t le  o r  no 
m a te rn a l antibody (Beem  e t a l. 1964) antibody w as p re se n t in  67% o f ch ild ren  
not in fe c te d  bu t only 31% o f  ch ild ren  who w ere  in fec ted . A nother d if f e re n c e  
betw een  the  ch ild ren  w hose antibody w as p resu m ab ly  m a te rn a l and th o se  
w hose antibody w as p resu m ab ly  ac tiv e ly  acq u ired  a s  a r e s u l t  o f  in fe c tio n , 
w as th e  m ethod o f  d iagnosis  o f  the  RS v iru s  in fec tio n . In ch ild ren  u nder 
s ix  m onths w ith an tibody, d iagnosis  w as by  v iru s  iso la tio n  in  ten  o f 11 
in fe c te d  c a se s . In c h ild ren  o v er s ix  m on ths, w ith an tibody, v iru s  w as 
iso la ted  f ro m  only two o f  eight in fe c te d  c a s e s  and th e se  had antibody t i t r e s  
o f  only 4 and 8 re sp ec tiv e ly . A p o ssib le  explanation o f  th e se  o b se rv a tio n s  
i s  tha t du ring  an  RS v iru s  in fe c tio n  antibody is  produced into the  upper 
r e s p ir a to ry  se c re tio n s  and th a t th is  is  the antibody which i s  im p o rtan t in  
p ro tec tio n . T h is  h a s  been  shown to b e  th e  c a se  in  p a ra in flu e n z a  1 in fe c tio n s
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in  voluriteers (Sm ith, P u rc e ll ,  B ellan ti and Chanock, 1966). The im p o rtan ce  
o f lo c a l antibody se c re tio n  could explain  why m a te rn a l antibody a f fo rd e d  no 
ap p aren t p ro tec tio n  and why v iru s  w as iso la ted  le s s  fre q u e n tly  f ro m  o ld e r 
ch ild ren  who had evidence o f  a p rev io u s  RS v iru s  in fec tio n . I t i s  a lso  
t ru e  th a t CF antibody le v e ls  r i s e  slow ly in  v e ry  young c h ild ren  (R oss, S to tt, 
M cM ichael and C ro w th er, 1964) and th a t som e o f  th e  in fe c tio n s  d iagnosed 
se ro lo g ica lly  m ay have been  acq u ired  in  h o sp ita l and not p re se n t when the  
ad m issio n  sw abs w ere  co llec ted  (Chanock e t a l. 1961). T hese  f a c to r s  m ight 
a lso  co n trib u te  to d if f e re n c e s  in  m ethods o f  d iagnosis.
O u tb reaks o f  RS v iru s  o c c u rre d  ev ery  w in te r they  w ere  sought. T h is  
o b se rv a tio n  i s  s im ila r  to  those  o f  o th e r  w o rk e rs  in  la rg e  u rb an  com m unities 
(Chanock and P a r r o t t ,  1965a; H olzel e t a l. 1965a) and is  an o th er o f the 
c h a ra c te r is t ic s  unique to  RS v iru s . T h is  m ay be  b eca u se  i t  only ta k e s  one 
y e a r  to  p roduce  a  s u f f ic ie n tly  la rg e  population o f su scep tib le  ch ild ren .
The annual ou tb reak s a r e  c e r ta in ly  not caused  by d i f f e r e n t  an tigen ic  
s t r a in s  (C oates e t a l. 1966).
R h inov iru ses
R h in o v iru ses  w e re  iso la ted  f ro m  95 c a s e s  and w e re , th e re fo re ,  the 
m o s t com m only iso la ted  group o f v iru s e s .  Since 58 o f th e se  v iru s e s  
belonged to  24 d i f f e r e n t  se ro ty p e s  and 37 s tr a in s  w e re  not id e n tif ie d  i t  i s  
d i f f ic u l t  to  d raw  any conclusion  about the  epidem iology o f  ind ividual 
se ro ty p e s . H ow ever, co n s id e ra tio n  o f  th e se  v iru s e s  a s  a  group re v e a ls
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som e in te re s tin g  fin d in g s , p a r tic u la r ly  s in ce  few  o th e r w o rk e rs  have 
in vestiga ted  th e  d is tr ib u tio n  o f  rh in o v iru se s  in  such v a r ie d  population 
and age g roups du ring  the sam e p erio d  in  th e  sam e a re a .
R h in o v iru ses  w ere  iso la ted  f ro m  ad u lts  w ith r e s p ir a to ry  d ise a se  m uch 
m o re  fre q u e n tly  than f ro m  ch ild ren . The iso la tio n  r a te  w as 5% to  10% in  
p e rso n s  u n d er 16 y e a rs  o ld , ro s e  to a peak o f  48% in  ad u lts  aged 16 to  30 
y e a rs  and th e r e a f te r  declined  w ith in c re a s in g  age. O ther w o rk e rs  who 
have in v estig a ted  both ch ild ren  and ad u lts  a lso  found  a h ig h e r iso la tio n  
r a te  f r o m  ad u lts  (R eilly e t a l. 1962; B loom  e t a l. 1963; H iggins e t a l. 1966) 
bu t did not r e c o rd  a m o re  de ta iled  break-dow n in to  age g roups. The popu la­
tion  group f ro m  w hich rh in o v iru se s  w ere  m o st fre q u e n tly  iso la ted  w ere  
the ad u lts  a t  hom e. The iso la tio n  r a te s  f ro m  th e  fo u r  g roups o f  ch ild ren  
w e re  s im ila r  (between 8% and 13%) w hether ch ild ren  had r e s p ir a to ry  
i l ln e s s  o r  not and w hether they w ere  in  h o sp ita l o r  a t  hom e. It i s  d i f f ic u l t  
to co m p are  th e se  r e s u l t s  w ith th o se  o f  o th e r  w o rk e rs  s in ce  ch ild ren  a t 
hom e have not p rev io u sly  been  com pared  w ith th o se  in  h o sp ita l and o u r 
iso la tio n  r a te s  a r e  co n sis ten tly  h ig h e r than  th o se  so f a r  re p o r te d , p robab ly  
b eca u se  o f  th e  g re a te r  se n s itiv ity  o f  HEKF c e l ls  re p o r te d  in  P a r t  I.
R h inov irus in fec tio n  o f  ch ild ren  w as a sso c ia te d  w ith a w ide ran g e  o f  
i l ln e s s e s  o r  none a t a ll. R hinoviruses w ere  iso la ted  a s  o f te n  f ro m  ch ild ren  
a t  hom e w ith re  sp ira to ry  il ln e s s  a s  f ro m  th e ir  sy m p to m less  co n tac ts . The 
rh in o v iru s  iso la tio n  r a te  f r o m  ch ild ren  in  h o sp ita l w as the  sam e w hether 
they  had r e s p ir a to ry  o r  d ia rrh o e a l i l ln e s s e s .  On the ev idence o f  th e se
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s tu d ie s  i t  w as not p o ssib le  to  e s tab lish  a cau sa l re la tio n sh ip  betw een 
rh in o v iru s  in fec tio n  and re s p ir a to ry  d is e a se s  o f  ch ild ren . H ow ever, a s ta t i s ­
tic a lly  s ig n if ican t d if fe re n c e  betw een the iso la tio n  r a te s  f ro m  ch ild ren  w ith 
re s p ir a to ry  il ln e s s  and those  w ithout h a s  been  shown in  la rg e r  s tud ies  (Bloom 
e t a l. 1963). The absence  o f  such d if f e re n c e s  in  m y s tu d ie s  m ay be due to 
in s u f f ic ie n t  n um bers. It i s  a lso  p o ssib le  th a t the  choice o f con tac ts  a s  co n tro ls  
is  a m o re  se v e re  te s t  and tha t rh in o v iru se s  m ight a lso  be  a sso c ia ted  w ith 
d ia rrh o e a l il ln e s s . The la t te r  suggestion  se em s unlikely  s in ce  rh in o v iru se s  a re  
r a r e ly  iso la ted  f ro m  fa e c e s  and I w as unable to iso la te  them  f ro m  the f a e c e s  o f 
the ch ild ren  w ith rh in o v iru s  in fec tio n  and d ia rrh o e a l il ln e s s . Although som e 
o f the co n tro l c h ild ren  developed re s p ir a to ry  i l ln e s s  som e days a f t e r  sw abs 
w ere  co llec ted , th e re  is  l i t t le  doubt th a t sym p to m less  rh in o v iru s  in fe c tio n s  do 
o ccu r in  ch ild ren . R hinov irus in fe c tio n s  in  ch ild ren  w ere  a sso c ia te d  w ith 10% 
o f u pper re s p ir a to ry  i l ln e s s ,  8% o f b ro n c h itis  and b ro n ch io litis  and 7% o f 
pneum onia and bronchopneum onia. The iso la tio n  o f  rh in o v iru se s  f ro m  lo w er 
r e s p ir a to ry  d ise a se  in  ch ild ren  h a s  been  re p o r te d  p rev io u sly  (R eilly  e t a l. 1962; 
B loom  e t a l. 1963; Chanock and P a r r o t t ,  1965a) bu t the d if f ic u lty  o f es tab lish in g  
a cau sa l ro le  h a s  been  em phasised  by P o rtnoy  and co lleagues (1965) who found 5 
(38%) o f  13 ch ild ren  w ith lo w er r e s p ir a to ry  d ise a se  and rh in o v iru s  in fe c tio n  a lso  
had se ro lo g ica l evidence o f  in fec tio n  w ith RS o r  p a ra in flu e n z e  type 3 v iru s e s .
In th is  study th e re  w ere  17 ch ild ren  w ith lo w er r e s p ir a to ry  i l ln e s s  f ro m  
whom rh in o v iru se s  w e re  iso la ted  and p a ire d  s e ra  w e re  re c e iv e d ; six
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(35%) o f  th e se  17 a lso  had evidence o f s im ultaneous in fec tio n  w ith p a r a ­
in flu en za  v iru s e s ,  RS v iru s  o r  ad en o v iru ses  w hich could a lso  have caused
the il ln e s s . T h u s, th e  iso la tio n  o f  a rh in o v iru s  f ro m  a child w ith lo w er
re s p ir a to ry  i l ln e s s  is  not a lw ays evidence o f an  e tio log ica l asso c ia tio n .
It d o es , how ever, seem  lik e ly  tha t rh in o v iru se s  can  cau se  lo w er re s p ira to ry
il ln e s s  in  ch ild ren .
The hom ologous n eu tra liz in g  antibody re sp o n se  o f 18 ch ild ren  in  
h o sp ita l w ith rh in o v iru s  in fec tio n  w as investiga ted . T h ree  o f the six  
ch ild ren  aged fo u r  m onths o r  l e s s  had antibody in  th e ir  acu te  s e ra  (although 
two o f  th e se  acu te  s e ra  w ere  co llec ted  m o re  than 5 days a f t e r  the onse t o f 
illn e ss ) . Only one o f  the 12 ch ild ren  o v e r 6 m onths had such antibody.
The p re se n c e  o f  an tibody, p resu m ab ly  m a te rn a l ,  in  v e ry  young ch ild ren  
h as  been  p rev io u sly  o b served  (H am parian  e t a l. 1964). The th re e  ch ild ren  
in fe c te d  w ith M s tra in s  a ll  had s tro n g  antibody re sp o n se s ; only eight o f 
th e  15 ch ild ren  in fe c te d  w ith H s tra in s  had fo u r fo ld  o r  g re a te r  antibody 
t i t r e  r i s e s .  The ab ility  o f  M s tra in s  to induce m o re  and g re a te r  antibody 
re sp o n se s  than H s tra in s  in  ch ild ren  h a s  been  p rev io u s ly  re p o rte d  (T ay lor -  
Robinson e t a l. 1963). A s in  th is  study , o th e r  w o rk e rs  have found th a t 
about h a lf  th e  ch ild ren  in fe c te d  w ith H s tr a in s  show s ig n if ic a n t se ro lo g ica l 
re sp o n s e s  (T ay lor-R obinson  e t a l. 1963) bu t som e re p o r ts  show re sp o n se s  
in  a  h ig h e r p ro p o rtio n  o f  ch ild ren  (H am parian  e t a l . 1964; P o rtn o y  e t a l.
1965). T h ese  d if f e re n c e s  m ight b e  due to  tim e  o f  co llec tion  o f second 
s e ra .  In th is  study only th re e  convalescen t s e ra  w e re  co llec ted  3 w eeks o r
m o re  a f t e r  the  onse t o f  il ln e s s .
A c o n tro l group o f  ad u lts  w ithout r e s p ir a to ry  i l ln e s s  w as not in vestiga ted
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in  th is  study and th e r e f o r e ,  no evidence w as obtained about an etio log ical 
a sso c ia tio n  o f rh in o v iru s  in fec tio n  w ith r e s p ir a to ry  i l ln e s s  in  adu lts .
O ther s tu d ie s  have es tab lish ed  such an  a sso c ia tio n . The d if f e re n c e  
betw een iso la tio n  r a te s  f ro m  ad u lts  w ith re s p ir a to ry  il ln e s s  and tho se  
w ithout i s  m uch g re a te r  than the  d if f e re n c e  in  ch ild ren  (Bloom e t a l. 1963; 
H am parian  e t a l. 1964; H am re e t a l. 1966). A ll th e  rh in o v iru s  in f  ec tions 
in  n o rm al ad u lts  in  th is  study w ere  a sso c ia te d  w ith u pper re s p ira to ry  
i l ln e s s ; th is  i s  co n s is te n t w ith fin d in g s  in  o th e r  s tu d ie s  (H am parian  e t a l . 
1964). H ow ever, only one o f 14 rh in o v iru s  in fe c tio n s  in  ch ron ic  b ro n ch itic s  
w as not a s so c ia te d  w ith an  exacerb a tio n ; th is  su g g es ts  tha t rh in o v iru se s  
m ay in fe c t  the  lo w er re s p ir a to ry  t r a c t  o f  b ro n ch itic s . F u r th e r  evidence 
f o r  th is  i s  th e  p re se n c e  o f rh in o v iru se s  in  sp u ta , o f te n  in  high t i t r e  and 
in  th e  ab sen ce  o f  v iru s  in  th ro a t sw abs co llec ted  a t  the  sam e tim e. T h ere  
is  a lso  ex p erim en ta l evidence tha t rh in o v iru se s  in  a  f in e  p a r tic le  a e ro so l 
can  in fe c t  th e  lo w er re s p ir a to ry  t r a c t  o f  n o rm al ad u lts  (Cate e t a l. 1965).
A s rh in o v iru se s  w ere  iso la ted  f ro m  13 (25%) o f 53 ex acerb a tio n s  in v estig a ted , 
i t  i s  lik e ly  th a t they  a r e  a s ig n if ic a n t cau se  o f re s p ir a to ry  d is t r e s s  in  ch ron ic  
b ro n ch itic s . S im ila r  o b se rv a tio n s  have b een  m ade by Stenhouse (1967); 
b u t rh in o v iru se s  w e re  not iso la ted  by the  only o th e r w o rk e rs  who have 
sought them  in  ch ron ic  b ro n c h itic s  (C a rilli e t a l. 1964). R h inov iru ses did 
not ap p ea r to p e r s is t  a s  la te n t in fe c tio n s  causing  su c c e ss iv e  ex acerb a tio n s  
o f  b ro n c h itis  s in ce  d i f f e r e n t  se ro ty p es  w ere  iso la ted  du rin g  se p a ra te  
ex ace rb a tio n s  o f  the  sam e b ro n ch itic .
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The hom ologous n eu tra liz in g  antibody re sp o n se s  during  the 13 rh in o -  
v iru s  in fe c tio n s  a sso c ia ted  w ith ex acerb a tio n s  in  bronchiti.es w ere  g re a te r  
and m o re  f re q u e n t than those  in  n o rm al ad u lts  in  m o st o th e r  r e p o r ts  
(T ay lor-R obinson  e t a l. 1963; Gwaltney and Jo rdan , 1964; H am re e t a l .
1964; P h illip s  e t a l. 1965b). T h is  could b e  f u r th e r  evidence th a t rh in o v iru s  
in fe c tio n s  in  b ro n ch itic s  w ere  m o re  se v e re  and w idesp read  than  in  n o rm al 
ad u lts . P e rs is ta n c e  o f rh in o v iru s  n eu tra liz in g  antibody in  de tec tab le  
am ounts f o r  o v er 4 y e a rs  a f t e r  an  in fe c tio n  h a s  been  re p o rte d  bu t re in fe c tio n  
could have o c c u rre d  in  the in terven ing  p erio d  (H am parian  e t a l. 1964).
The r e s u l t s  o f  m y se ro lo g ica l s tu d ie s  on b ro n c h itic s  ind ica te  th a t rh in o v iru s  
antibody does p e r s is t  in  the ab sen ce  o f  ev idence o f re in fe c tio n .
The seaso n a l v a r ia tio n  in  rh in o v iru s  iso la tio n  r a te s  found in  th is  s tudy , 
nam ely  p e rio d s  o f  h igh  iso la tio n  r a te s  in  sp rin g  and autum n a lte rn a tin g  
w ith  lo w er r a te s  in  su m m er and w in te r a p p e a rs  to  be  c h a ra c te r is t ic  (Bloom 
e t a l. 1963; H am parian  e t a l. 1964; H am re e t a l .  1966; Spigland e t a l .
1966). T h is  su ggests  th a t m o st rh in o v iru s  in fe c tio n s  o ccu r in  the  sp rin g  
and autum n.
R h in o v iru ses  iso la ted  in  B rita in  have seldom  been  id e n tif ied  u sing  
p ro to type a n t is e ra  (Higgins 1966a). H ow ever, id e n tif ic a tio n  does allow  
o b se rv a tio n s  to be  m ade on the  sp read  o f  rh in o v iru se s  and on the a sso c ia tio n  
w ith i l ln e s s  and seaso n a l d is tr ib u tio n  o f  individual se ro ty p es .
The sam e se ro ty p e  w as iso la ted  f ro m  d if f e r e n t  m e m b ers  o f a  fa m ily
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during  a r e s p ira to ry  ou tb reak  on th re e  occasions. T h is  su g g ests  tha t 
p e rso n  to p e rso n  sp read  o ccu rs . H ow ever, th e re  w as one fa m ily  ou t­
b re a k  and fo u r  ep isodes am ong la b o ra to ry  w o rk e rs  when d if f e r e n t  
se ro ty p es  w ere  iso la ted . T hus, when an  ou tb reak  o f  re s p ir a to ry  il ln e s s  
o ccu rs  in  a fa m ily  o r  am ong a sm a ll group o f  w o rk e rs  i t  cannot b e  assu m ed  
th a t a l l  a r e  in fec ted  w ith the  sam e v iru s . In th is  contex t i t  i s  in te re s tin g  
th a t an  ep idem io log ical a n a ly s is  o f  the sp read  o f  co lds am ong o f f ic e  w o rk e rs  
and th e ir  f a m ilie s  showed th a t only a sm a ll p ro p o rtio n  o f the in fe c tio n s  w ere  
a  consequence o f  known exposu re  to in fe c te d  ind iv iduals (Lidwell and 
W illiam s, 1961).
M ost o f  the rh in o v iru s  se ro ty p es  iso la ted  f ro m  ex acerb a tio n s  o f 
b ro n c h itis  in  ad u lts  w e re  a lso  found in  adu lts  o r  ch ild ren  w ith com m on 
co lds. T ypes 1321-62 and 1833-63 w e re  a lso  iso la ted  f ro m  ch ild ren  w ith 
lo w er re s p ir a to ry  il ln e s s . M ost o f  the  rh in o v iru se s  w hich have been  
se ro lo g ica lly  id e n tif ied  by o th e r w o rk e rs  w e re  iso la ted  f r o m  ad u lts  o r  
ch ild ren  w ith co lds o r  no re s p ir a to ry  il ln e s s . H ow ever, B632 h a s  been  
iso la ted  f r o m  a  child  w ith b ro n ch io litis  (Portnoy  e t a l. 1965) and 204 f ro m  
a child  w ith croup  (K etle r e t a l. 1962) and two o f  th re e  s tr a in s  o f  5986 
iso la ted  by K e tle r  and co lleagues (1962) w e re  f ro m  ch ild ren  w ith lo w er 
r e s p ir a to ry  il ln e s s . I t i s  th e re fo re  in te re s tin g  th a t one o f the two B632 
s t r a in s ,  th e  204 s tra in  and the  5986 s tra in  w hich I iso la ted  w ere  f ro m  
c h ild ren  w ith croup  o r  lo w er r e s p ir a to ry  il ln e s s . T h u s, i t  does seem
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po ssib le  tha t c e r ta in  se ro ty p es  m ay cause  lo w er re s p ir a to ry  i l ln e s s  in  
ch ild ren  m o re  re a d ily  than o th e rs .
In th is  study som e se ro ty p es  o ccu rred  only during  one seaso n  and 
o th e rs  w e re  p re se n t du ring  se v e ra l su ccess iv e  seaso n s. S im ila r fin d in g s  
have been  re p o rte d  in  the U.S.A. (H am parian  e t a l. 1964; H am re  e t a l. 1966). 
In one study , n ine s tr a in s  o f  type 68 w ere  iso la ted  during  a th re e -m o n th  
p e rio d  but none during  the succeeding  two y e a rs  (H am parian  e t a l. 1964).
T he th re e  s tra in s  o f type 68 I iso la ted  w ere  found only during  a six -m onth  
p erio d  out o f  the  fo u r  y e a r s  and fo u r  m onths they w ere  sought. The th re e  
s tra in s  o f  179E w hich I iso la ted  o c c u rre d  only du ring  a  fo u r-m o n th  period . 
S tra in  179E h as  o c c u rre d  in  a sh a rp  ou tb reak  in  the U.S.A. (M ufson e t a l.
1966). H ow ever, H am re and co lleagues (1966) re p o rte d  iso la tio n s  o f 179E 
throughout an  18-m onth period  and H iggins (1966a) found fo u r  o f  s ix  M 
s tr a in s  iso la ted  betw een O ctober 1962 and D ecem ber 1963 w ere  type 179E.
It i s  in te re s tin g  th a t th e se  iso la tio n s  w ere  m ade by H iggins (1966a) du ring  
the sam e p erio d  in  w hich th is  v iru s  w as p re v a le n t in  Glasgow. T hus, a 
rh in o v iru s  se ro ty p e  m ay o ccu r in  w idely sep a ra ted  a r e a s  a t the  sam e tim e.
It i s  c le a r  th a t m any m o re  rh in o v iru s  s tra in s  m u st b e  id e n tif ied  
b e fo re  any conclusions can be  reac h ed  about th e ir  ind iv idual epidem iology.
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H erpes  Sim plex V iru s
H erpes  sim plex  v iru s  w as iso la ted  f ro m  26 indiv iduals. Although m o st 
o f them  had re s p ir a to ry  i l ln e s s ,  th e re  w as no evidence o f  an  etio log ical 
asso c ia tio n .
H erp es  v iru s  w as not iso la ted  f ro m  ch ild ren  w ith re s p ir a to ry  il ln e s s  
u nder 1 y e a r  bu t w as found in  8% o f ch ild ren  in  the  second y e a r  o f  l i f e. 
T h e re a f te r ,  th e  iso la tio n  r a te  declined  w ith in c re a s in g  age. T hese  r e s u l ts  
would a g re e  w ith the  observ a tio n  th a t h e rp e tic  g ing ivostom atitis  i s  m o st 
p rev a len t betw een one and th re e  y e a rs  o f  age (Scott and T okum aru , 1965).
H erp es  w as iso la ted  m ost com m only f r o m  ch ild ren  in  h o sp ita l and 
m o s t, though not a ll  o f  th e m , had c lin ica l evidence o f  s to m a titis .
The iso la tio n  r a te s  f ro m  ch ild ren  w ith r e s p ir a to ry  il ln e s s  and f ro m  
th o se  w ithout w ere  not s ig n ifican tly  d if f e re n t .  Sero log ical evidence 
suggested  th a t the h e rp e s  in fe c tio n s  w ere  la te n t ones probab ly  reac tiv a te d  
by the  re s p ir a to ry  il ln e s s . T h u s, th e re  w as l i t t le  ev idence th a t h e rp e s  
v iru s  in fe c tio n  w as a cause  o f  re s p ir a to ry  d ise a se . T h is  conclusion  would 
a g re e  w ith th a t o f  A lbanese , Bynoe and T y r re l l  (1965) who w ere  unable to 
induce co lds in  v o lu n tee rs  by in fec tin g  them  w ith h e rp e s  sim plex  v iru s  
iso la ted  f ro m  a p e rso n  w ith re s p ir a to ry  il ln e s s .
A denov iruses
A denov iru ses w ere  iso la ted  f ro m  24 ch ild ren  bu t no adu lts . T h e re  w ere  
s ix  s t r a in s  o f  type 1, f iv e  o f  type 2, fo u r  o f type 3, seven  o f type 5 and 
two o f type 7.
A denov iru ses w e re  iso la ted  m o st com m only f r o m  ch ild ren  u n d er 2 y e a rs
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a s  in  o th e r  s tu d ie s  (Chanock and P a r r o t t ,  1965a).
I iso la ted  ad en o v iru se s  f ro m  4% o f ch ild ren  in  h o sp ita l w ith re s p ir a to ry  
d ise a se  w hich i s  a s im ila r  f ig u re  to  tha t o f  H olzel and co lleagues (1965a) 
but r a th e r  le s s  than  th e  8% o f Chanock and P a r r o t t  (1965a).
Since the sam e adenov iru s se ro ty p es  w ere  found m o re  o f te n  in  ch ild ren  
w ith d ia rrh o e a l i l ln e s s e s  than in  those  w ith re s p ir a to ry  il ln e s s  and ap p ro x i­
m a te ly  45% o f  adenov iru s in fe c tio n s  in  ch ild ren  w ith re s p ir a to ry  d ise a se  
w e re  a sso c ia te d  w ith an o th er v iru s  in fe c tio n , adenov iru s in fe c tio n  cannot 
b e  shown in  th is  study to cau se  re s p ir a to ry  d ise a se . A denovirus types 1,
2, 3 and 5 w e re , how ever, iso la ted  f ro m  ch ild ren  w ith lo w er r e s p ir a to ry  
i l ln e s s . T h e re  w as no m ark ed  seaso n a l d is tr ib u tio n  o f  ad enov iru s iso la tio n s . 
A d en o v iru ses , th e re fo re ,  con tribu ted  l i t t le  to the  etio logy o f  th e  re s p ir a to ry  
d ise a se  w hich I studied.
E n te ro v iru se s
E n te ro v iru s  in fe c tio n s  w ere  de tec ted  in  18 c h ild ren  in  h o sp ita l. Tw elve 
s tr a in s  w ere  iso la ted  f ro m  ch ild ren  w ith re s p ir a to ry  i l ln e s s ; fo u r  s tra in s  
o f  co x sack iev iru s  B 5, th re e  s tra in s  o f  co x sack iev iru s  B l, two untyped 
e n te ro v iru se s  and one s tra in  each  o f  ech o v iru ses  3 and 9 and co x sack iev iru s  
B4. T hese  re p re s e n t  an  iso la tio n  r a te  o f  3% w hich is  s im ila r  to th a t 
found in  o th e r s tu d ies  o f  ch ild ren  in  h o sp ita l w ith re s p ir a to ry  i l ln e s s  
(C larke e t  a l. 1964; H olzel e t a l. 1965a). Six s tra in s  w ere  iso la ted  f ro m  
ch ild ren  w ith d ia rrh o e a l i l ln e s s : two s tra in s  o f  co x sack iev iru s  B2 and one
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s tra in  each  o f ech o v iru se s  8 and 9, po lio v iru s  2 and an  untyped e n te ro v iru s . 
S ince e n te ro v iru se s  a r e  known to  cau se  both  re s p ir a to ry  and d ia rrh o e a l 
i l ln e s s  i t  i s  not p o ssib le  to show any e tio log ical re la tio n sh ip  in  th is  study. 
H ow ever, i t  is  in te re s tin g  th a t eight o f the 12 v iru s e s  f ro m  ch ild ren  w ith 
re s p ir a to ry  d is e a se  w ere  c o x sack iev iru se s  o f  the B group w hich have 
p rev io u s ly  been  a sso c ia te d  w ith re s p ir a to ry  d is e a se  (C ram ble tt e t a l. 1964). 
The e n te ro v iru se s  w ere  iso la ted  only f ro m  ch ild ren  u n d er s ix  y e a rs  old and 
w ere  found  m o st o fte n  in  the  su m m er m onths. T hese  fin d in g sa re  com patib le  
w ith theestab lished  epidem iology o f e n te ro v iru se s .
The r e s u l t s  which I have re p o rte d  in d ica te  th a t the recogn ized  
epidem iology o f c e r ta in  re s p ir a to ry  v iru s e s  w as rep ro d u ced  in  Glasgow 
betw een 1962 and 1966. In add ition , som e new in fo rm a tio n  w as obtained 
about RS v iru s  and the  rh in o v iru se s . H ow ever, m any unsolved p ro b lem s 
re m a in  in  th e  epidem iology o f known re s p ir a to ry  v i ru s e s ,  and the  ro le  
o f  c e r ta in  re c e n tly  d isco v ered  v iru s e s  h a s  y e t to  b e  es tab lish ed . P ro longed  
ep idem io log ica l s tu d ies  o f  the kind d esc rib e d  h e re  a r e  e s se n tia l i f  such  
q uestions a r e  to  b e  answ ered .
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PART I
TISSUE CULTURE TECHNIQUES FOR THE 
ISOLATION AND STUDY OF RESPIRATORY 
VIRUSES
CHAPTER
MATERIALS AND
T ab les
2
METHODS
TABLE 2.1
COMPONENTS OF SIMPLE SALT SOLUTIONS AND MEDIA 
(m g /litre )
COMPONENTS PBS BSS LH TPB
S a lts
CaCl2 - 140 140 -
MgCl2. 6H20 - 100 100 -
MgSO4.7H20 - 100 100 -
KCl 200 400 400 -
KH P O . 2 4 200 60 60
-
NaCl 8,000 8,000 8,000 5,000
Na H P 0 4 2 4 1,150
- - 2,500
N a ^ H P O ^ H  0 - 154 154 -
NaHCO3^
- V V -
M iscellaneous
T ryp tose - - - 20,000
Phenol re d 20 20 20 -
D ex tro se - 1,120 1,120 5,000
L actalbum en h y d ro ly sa te — 5,000
V = Variable
2TABLE 2.2
COMPONENTS OF EAGLE’S MEDIA AND OF PARKER'S 
MEDIUM 199 (m g /litre )
(Continued in  Table 2.3)
COMPONENTS MEM BM 199
S a lts
CaCl2 200 - 140
CaCl2.2H20 - 264 -
MgSO4 .7H20 200 200 200
KC1 400 400 400
NaCl 6,800 6,800 6,800
NaH PO .J1 0 140 _2 4 2
NaH2PO4. 2H20 150 - 158
NaHC03 V V V
M iscellaneous
Phenol red 10 17 10
D ex tro se 1,000 1,000 1,000
Amino Acids
L -arg in ine.H C l 125 21.1 70
L -c y s tin e  24.0 12.0 20
L -h istid ine .H C l 40 9.6 20
L -iso le u d n e  -  26.2
DL -  " 104 -  40
L -leucine  -  26.2
DL- " 104 -  120
L -lysine  HC1 70 36.5 70
L -m eth ion ine  -  7.5
DL- " 30 -  30
L-ph enylalanin e -  16.5
DL- " 64 -  50
3TABLE 2.2 (Continued)
COMPONENTS MEM BM 199
L -th reo n in e - 23.8 -
DL- " 96 - 60
L -try p to p h an  e - 4.1 -
D L- " 20 - 20
L -ty ro s in e 36 18.1 40
L -valine - 23.4 -
D L-valine 92 - 50
L -g lu tam ine 292 292 50
V itam ins
Thiam ine HCl - - 0.01
A neurine HCl 1 1 -
Bio tin - 1 0.01
Choline C hloride 1 1 0.50
FoHc Acid 1 1 0.01
In o sito l 2 2 0.05
N icotinam ide 1 1 0.025
D -calcium  p a n to th a n a te 1 1 0.01
Pyridoxal H C l 1 1 0.025
R iboflavine oa 0.1 0.01
V = Variable
4TABLE 2.3
ADDITIONAL COMPONENTS OF PARKER'S MEDIUM 199 
(m g /li tre )  (NOT LISTED IN TABLE 2.2)
COMPONENTS 199
Amino Acids
D L-alanine 50
D L -a sp a rtic  acid 60
L -cy s te in e  HCl o a
D L -glu tam ic acid 150
G lu ta th ione 0.05
Glycine 50
L-hy dro xypno line 10
L -p ro line 40
D L -serin e 50
V itam ins
A scorbic acid 0.05
C a lc ife ro l 0.10
M enaphthene 0.01
N icotin ic acid 0.025
p-am inobenzoic acid 0.05
pyridoxine HCl 0.025
D isodium -<x- tocopherol phosphate 0.01
V itam in  A a c e ta te 0.10
M iscellaneous
Sodium a c e ta te 81.5
D -ribose 0.50
Adenylic acid 0.20
Adenine su lphate 10.0
Guanine HCl 0.30
hypoxanthine 0.30
thym ine 0.30
u ra c il 0.30
xanth ine 0.30
sodium  adenosine tr ip h o sp h a te 1.04
ch o le s te ro l 0.20
tw een 80 5.0
F e  (N03)3.9H20 0.72
5TABLE 2.4
MAINTENANCE OF TISSUE CULTURES FOR 
RESPIRATORY VIRUS ISOLATION 
TANUARY -  AUGUST, 1962
Specimen T issu e Medium Conditions
N asal and P rim a ry  o r LH 96 m l R olled, 33°C
Sputum secondary RMK C alf se ru m
NaHC0 3
so lu tion
PSS
2 m l
1 m l 
1 m l
P rim a ry  HEK as above a s  above
T h ro a t and P rim a ry  o r P a r k e r ’s
Sputum secondary RMK 
BH
Medium 199
NaHC03
so lu tion
E ag le 's
98 m l 
2 m l
R olled, 33°C
MEM 93 m l S ta tio n a ry ,
Fowl se ru m 2 m l 36°C
NaHCO
3
solu tion 4 m l
PSS 1 m l
6TABLE 2.5
MAINTENANCE OF TISSUE CULTURES FOR 
RESPIRATORY VIRUS ISOLATION 
AND GROWTH
*
SEPTEMBER 1962 -  APRIL 1966
T issu e Medium C onditions
P r im a ry  o r  
Secondary RMK
P a rk e rs  Medium 199 
NaHCO^ solution
98 m l 
2 m l
R olled , 33°C
BH E ag le 's  MEM 
Fowl o r  R abbit 
Serum
NaHCO solu tion  
PSS
93 m l
2 m l 
4 m l 
1 m l
S ta tio n a ry , 36°C
HEL o r  HEKF E ag le 's  MEM 
C alf se ru m  
NaHCO^ so lu tion
TPB
PSS
91 m l
1 m l
2 m l
5 m l 
1 m l
R olled , 33°C
B etw een S ep tem ber, 1962 and S ep tem ber 1963 th r o a t  sw abs w ere  
inocu la ted  in to  RMK and BH c e lls , nasa l washings in to  HEL o r  
HEKF ce ils  and sp u ta  in to  a l l  th r e e  ce ll ty p e s . F ro m  Sep tem ber 
1963 a ll specim ens w ere  inocu la ted  in to  each o f  th e  th re e  cell 
ty p e s .
7TABLE 2.6
HAEMAGG LUTININ TITRES OF PARAINFLUENZA TYPES 1, 2 and 3 
WITH VARIOUS ERYTHROCYTE SPECIES AT DIFFERENT TEMPERATURES
V irus
Type
E ry th ro c y te
Species 4
T em p era tu re s  (°C)
18 36
1 Fowl 2 0 0
Guineapig 8 32 32
Human 2 16 16
2 Fowl N 0 0
Guineapig 2 8 8
Human N N N
3 Fowl 0 0 0
Guineapig 4 8 16
Human N 2 8
N = H aem agglu tinated  only when undilu ted
CHAPTER 3
PREPARATION AND PRESERVATION OF HUMAN 
EMBRYONIC TISSUE CULTURES
T ables
8TABLE 3.1
RESULTS OF CULTIVATION OF TISSUES FROM 36 HUMAN EMBRYOS
„  , Age (weeks) _ T ry p sin isa tio nEm bryo & ' 7 Source ,, .*and sex  t im e  (hours) Organ
T erm ination  o£ 
S eria l C u ltiva tion
P assag e  Cause
1 14 F G 2 K 8 D
L 10 D
2 14 M G 3 K 0 NG
L 0 NG
3 22 M I 16 K 0 NG
4 10 M j I 16 K 6 D
L 10 D
5 20 M I 16 K 4 D
L 8 D
6 12 F I 16 K 26 D
L 30 D
7 16 M I 16 K 22 F
L 30 D
8 16 M Gf 16 K 0 C
L 0 C
9 16 M Gf 16 K 0 C
L 0 C
10 12 M I 3 L 9 D
11 16 M I 4 K 4 D
L 10 D
12 22 F G 16 K 8 D
L 13 D
13 10 M I 16 K 40 D
14 12 M G 16 K 24 F
L 56 D
15 20 M I 16 K 13 F
L 12 F
9TABLE 3.1 (Continued)
RESULTS OF CULTIVATION OF TISSUES FROM 36 HUMAN EMBRYOS
„  , Age (weeks) _ T ry p sm isa tio n  ^  T erm ination  o fEmbryo & v 7 Source n .* Organ _ . . _ . . .and sex  t im e  (hours) S eria l C u ltivation
P assa g e  Cause
16 20 M G 16 K H F
L 12 F
17 8 M I 16 K 14 F
18 24 F G* 16 K 0 NG
L 0 NG
19 14 M G 16 K 0 NG
L 0 NG
20 10 M I 16 L 3 F
21 12 M I 16 L 4 F
22 20 M G 16 K 7 D
L 4 F
23 14 M I 16 K 9 F
L 4 F
24 10 M I 3 K 8 F
L 4 F
25 16 F G 16 K 9 F
L 4 F
26 16 M I 3 K 9 F
L 4 F
27 14 M I 16 K 16 F
L 4 F
28 15 M I 3 K 8 D
L 3 F
29 10 M I 2.5 K 36 D
L 3 F
30 16 M I 2 K 36 D
L 3 F
31 12 M I 2.5 K 20 D
L 4 F
32 10 M I 2 K 16 D
L 4 F
10
TABLE 3,1 (Continued)
RESULTS OF CULTIVATION OF TISSUES FROM 36 HUMAN EMBRYOS
Embryo Age (weeks) and sex Source
T ry p sin isa tio n  
t im e  (hours) Organ
T erm ination  o f 
S e ria l C u ltivation
P assa g e  Cause
33 16 M I 2 K 18 D
L 4 F
34 20 F I 2 K 15 F
35 20 M I 2 K 40 D
L 46 D
36 14 M I 16 K 30 D
L 20 D
F e tu s  held a t  4°C overn igh t b e fo re  a r r iv a l a t  th e  la b o ra to ry  
* 16 h o u rs ' try p s in isa tio n  was done a t  4 ° Q o th e r  t im e s  a t  37°C 
I Inv ern ess , G = Glasgow, K = Kidney, L = Lung
NG = no grow th  in p rim ary  c u l tu re s ,  C = p rim a ry  c u ltu re s  con tam ina ted  
D = degeneration  o f  c e lls ,  F = ce lls  f ro z e n  a t  -70°C .
11
TABLE 3.2
COMPARISON OF THREE METHODS OF FREEZING 
HUMAN EMBRYONIC LUNG CELLS
V
1
M
F reezing
2
V
M ethod
M V
3
M
*
E xperim en t 1
Ampoule 1 23 <10 34 10 33 20
2 19 <10 17 20 22 20
3 19 <10 13 <10 18 <10
+
E xperim en t 2
Ampoule 1 45 <10 50 20 62 20
2 23 <10 36 20 46 20
3 30 10 48 20 70 40
* Ampoules thaw ed 1, 2 and 16 m onths a f t e r  freez in g .
+ Ampoules thaw ed 5 m onths a f t e r  fre e z in g .
< 10 = C ells fa ile d  to  fo rm  m onlayer a t  1/10 d ilu tion .
V = C ells n o t s ta in ed  by try p an  blue a s  p e rce n tag e  o f  to t a l  ce lls  counted.
M = R ecip rocal o f  h ig h e st dilution o f  ce ll suspension which fo rm ed  a 
m onolayer in 7 days.
12
TABLE 3.3
COMPARISON OF GLYCEROL AND DM5 IN 
THE PREVENTION OF FREEZING DAMAGE TO HUMAN 
EMBRYONIC LUNG CELLS
V
GLYCEROL
M
DMS
V M
*
Experim ent 1
Ampoule 1 49 40 57 80
2 56 40 55 40
3 56 40 69 40
4 63 80 76 40
+
E xperim ent 2
Ampoule 1 62 40 72 20
2 63 20 60 20
* Ampoules thawed 5 m onths a f te r  freez in g . 
+ Ampoules thawed 15 m onths a f te r  freez in g . 
O ther abbreviations a s  in  Table 3.2.
CHAPTER 4
STUDIES WITH RHINOVIRUSES.
Tables
13
TABLE 4.1
ISOLATION OF RHINOVIRUSES FROM PATIENTS 
STUDIED DURING THREE PERIODS._________
P erio d C ells used P a tie n tss tu d ied
Rhino v iru ses  
iso la te d
Rhino v iru ses  
iso la te d  
p e r  cen t
Jan 1962 - 
M ar 1963
P rim a ry  HEK
RHEL-1
RH EL-7
171* 4 3.4 1
A pr 1963 -  
Sep 1964
RHEKF-13
WI-38
206 14 6.8
O ct 1964 -  
Aor 1966
RHEKF-30
RHEKF-35
BWHEL-7
WI-38
423 55 13.0
Jan. 1962- 
A pr 1966
800 73 9 .1 1
* Specim ens fro m  54 o f  th e se  p a t ie n ts  w ere  n o t inocu lated  in to  any 
human em bryonic ce lls  e i th e r  because  no t i s s u e  was availab le  (15 
p a tie n ts )  o r  because swabs w ere inocu la ted  d ire c tly  in to  BH c u ltu re s  
only (39 p a tie n ts ) .
Exclusing 54 p a t ie n ts  whose specim ens w ere n o t exam ined in human 
em bryonic ce lls .
14
TABLE 4.2
TITES OF RHINOVIRUS FEB IN SIX CELL STRAINS
C ell S tra in P assa g e
*
T i t r e
RHEL-7 14 3.2
RHEKF-13 26 4.8
RHEKF-14 14 3.5
RHEL-14 10 3.2
RHEL-15 4 2.5
WI-38 27 4.2
* Log TCD50/0 .1  m l
TABLE 4.3
RESULTS OF RE-TESTING SPECIMENS FROM 131 
PATIENTS
Cells used 
in orig inal 
te s t
R e -te s t in  RHEKF-30 
P atien ts  RH
R e -te s t in WI-38 
P atien ts  RH
Total R e-tested  
P atien ts  RH
None* 15 4 9 3 15 5
P rim a ry  HEK 5 0 5 0 5 0
RHEL-1 8 1 8 1 8 1
RHEL-7 83 11 26 6 83 14
WI-38 20 2 20 2 20 2
TOTAL 131 18 68 12 131 22
RH = rh inov iru ses iso la ted
Specim ens f ro m  these  15 patien ts had not previously  been tested  
in  hum an em bryonic ce lls  because no tissu e  w as available.
16
TABLE 4.4
RHINOVIRUS ISOLATIONS FROM 298 SPECIMENS 
EXAMINED IN HEKF AND HEL CELL STRAINS
C ell S tra in s SpecimensT e s te d
Specim ens Yielding Rhinovirus 
WI-38 RHEKF-30 RHEKF-35 T o ta l
WI-38 + 167 19 28 . . . .  30
RHEKF-30
WI-38 + 131 10 . . . .  12 13
RHEKF-35
T o ta l 298 29 40 43
17
TABLE 4.5
EFFECT OF TRYPTOSE PHOSPHATE BROTH 
ON APPEARANCE OF RHINOVIRUS FEB MICROPLAQUES
A verage m icrop laque count p e r  tube
T im e (hours)
w ith  5% TPB w ith o u t TPB
24 0 0
48 3.5 x 102 2 x 101
72 1.3 x 10 3 9.3 x 101
96 5.7 x 103 3 x io2
L° gl0TCD50a t  7 3.8 3.8
18
TABLE 4.6
EFFECT OF RHINOVIRUS CONCENTRATION 
ON NEUTRALIZING ANTIBODY TITRES OF 
PAIRED SERA_________________
P a t ie n t 's
Age Serum
V irus 
dose *
Antibody
t i t r e
V irus
dose*
A ntibody
t i t r e
10 M A cu te 10 <8 68 <4
Conv. 32 8
16 M A cu te 32 <4 180 <4
Conv. 8 <4
3 Y A cu te 10 <;8 180 <8
Conv, 45 11
3.5 Y A cu te 18 ^4 100 <4
Conv. 16 <4
29 Y A cu te 10 <4 180 <4
Conv. 128 32
* TCD50/ 0.1 m l 
M = m onths
Y = y ears
19
TABLE 4.7
EFFECT OF UNHEATED RABBIT SERUM 
ON NEUTRALIZING ANTIBODY TITRES
P a t i e n t 's
Age Serum
PBS
V irus A ntibody 
dose * T i t r e
V irus
dose*
URS
Antibody
T i t r e
3 M A cu te 68 < 4 32 <8
Conv. 23 45
14 M A cu te 18 < 8 18 <8
Conv. 23 32
16 M A cu te 32 <8 10 <8
Conv. 8 16
5 Y A cu te 56 <4 56 <8
Conv. < 4 <8
29 Y A cute 145 c 8 32 <8
Conv. 32 45
* TCD50/ 0.1 m l
M = m onths 
Y = y ea rs
20
TABLE 4.8
ANTIBODY TITRES IN GUINEA PIGS AFTER IMMUNIZATION
WITH THREE RHINOVIRUSES BY THREE DIFFERENT METHODS.
V irus Inocula ted  
S tra in  T itre *
M ethod
A ntibody T i t r e s  
PR PO
V irus 
dose I
Typing ** 
D ilution
4574-62 C 4.8 1 <8 32 68 -
T 5.5 2 <8 256 8
T 5.5 3 + <8 32 -
1647-63 C 2.8 1 <8 32 100 _
T 2.5 2 <8 23 -
T 2.5 3 <8 360 16
4462-63 C 3.5 1 <8 <16 68 _
T 4.5 2 <8 64 -
T 4.5 3 <8 720 16
Log TCD^q/OJ. m l 
* TCD ^q/0.1 m l
** D ilution a t  which a n tis e ru m  was used  f o r  th e  id e n tif ic a tio n  o f  unknown 
rh inov irus se ro ty p es , -  = n o t used  f o r  rh inov irus id e n tif ic a tio n .
+ Im m unization schedule incom plete . Second in jec tion  o m itte d  because o f  
in jury  to  an im al, th ird  in jec tion  was 3 m l v iru s  in tra p e rito n e a lly .
C = v iru s  co n ce n tra te d  by AlPO^
PR  = p re-im m un iza tion  se ru m
PO = post-im m u n iza tio n  serum
T = t is s u e  c u ltu re  flu id  which had n o t been co n ce n tra te d
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TABLE 4.9
ANTIBODY RESPONSES OF GUINEA PIGS INOCULATED WITH 12
RHINO VIRU SES_________________________
V irus Inoculated  
S tra in  T itre *
GP
A ntibody T i t r e s  
PR PO
V irus 
dose *
Typing;
D ilution
409-62 4.5 1 <8 256 32 -
2 <8 720 16
1321-62 4.0 1 <8 512 68 -
2 <8 512 16
1746-62 3.2 1 <8 720 32 16
2 <8 512 -
4704-62 4.0 1 <8 360 32 8
2 <8 360 -
130-63 4.2 1 <8 720 32 -
2 <8 1024 32
992-63 4.2 1 <8 720 32 16
2 <8 256 -
1833-63 5.5 1 <8 256 100 -
2 <8 512 16
1376-64 4.2 1 <8 360 68 16
2 <8 360 -
1192-65 4.5 1 <8 1024 32 32
2 <8 512 -
1767-65 5.2 1 <8 512 100 16
2 <8 256 -
2030-65 4.5 1 <8 360 320 16
2 <8 180 -
4411-65 4.5 1 <8 256 180 8
2 <8 <32 -
* Log TCD50/0 .1  m l 
1 TCD50/0 .1  m l
D ilution a t  which a n tis e ru m  was used  f o r  th e  id en fic ia tio n  o f  unknown 
rh inov irus s e ro ty p e s . -  = n o t used  f o r  rh inov irus id e n tif ic a tio n .
GP = num ber o f guinea pig used.
PR  = p re -im m u n iza tio n  serum
PO = p o st-im m u n iza tio n  se ru m .
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TABLE 4.10
CROSS-NEUTRALIZATION TESTS WITH 15 RHINOVIRUS 
STRAINS *
(A ntiserum  t i t r e s  expressed  as rec ip ro ca l o f  d ilu tion 
causing 50% n eu tra liz a tio n )
V irus
40
9
13
21
17
46
45
74
47
04
I
o
53 99
2
A n tis e ra
N M^  CD 9^ vo oo 3]«—1 i—1 13
76 o%
=i 17
67
20
30
44
11
1
409-62 720 - 256
1321-62 - 512 - 1024
1746-62 1024 - 720
4574-62 - - - 256 - - - -  -  - - - 128 -
4704-62 - - - - 360 - - -  -  - - - - -
130-63 1024 512
992-63 512 720 -
1647-63 - - - - - - - 360 -  - - - - -
1833-63 - - - - - - - -  512 - - - - -
4462-63 - - - - - - - -  -  720 - - - -
1376-64 - - - - - - - -  -  - 360 - - -
1192-65 - - - - - - - -  -  - - 1024 - -
1767-65 - - - 8 - - - -  -  - - - 512 -
2030-65 360 -
4411-65
* V irus dose w as 32-320 TCD5q/0.1 m l
-  = v iru s  n o t n eu tra liz e d  by a n tis e ru m  a t  'typ ing  d ilu tion ' 
( s e e  T ables 4.8 and 4.9 )
STUDIES
CHAPTER 5
WITH RHINOVIRUSES.
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TABLE 5.2
RESULTS OF RETESTING IN EIGHT CELL STRAINS 
60 SPECIMENS PREVIOUSLY TESTED FOR RHINO VIRUSES.
S tra in Previously
Positive
No. Specim ens P o s itiv e  
P rev iously  
N egative
T o ta l
■k
P e r  C en t
RHEKF-30 26 4 30 79
RHEL-30 13 2 15 39
RHEKF-33 20 4 24 63
RHEL-33 12 3 15 39
RHEKF-35 22 4 26 68
RHEL-35 7 0 7 18
RHEL-36 11 2 13 34
WI-38 19 7 26 68
T o ta l p o s itiv e  in 
a t  le a s t  one cell 
s tr a in  31 7 38 100
T o ta l T e s te d  36 24 60 -
* T o ta l specim ens p o s itiv e  in th e  ce ll s t r a in  ex p ressed  a s  p e rc e n ta g e  o f  38, 
which is  th e  to t a l  specim ens p o s itiv e  in a t  l e a s t  one o f  th e  e igh t ce ll 
s t r a in s .
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TABLE 5.3
TITRES OF RHINO VIRUSES IN THREE CLINICAL 
SPECIMENS ASSAYED IN EIGHT CELL STRAINS.
S tra in
Specim en num ber and ty p e  
1833-63 3131-64 
Sputum  T+N/W *
1254-65
Sputum
RHEKF-30 3.5 2.8 2.8
RHEKF-33 2.5 1.2 2.8
RHEKF-35 2.5 1.8 2.8
RHEL-30 2.5 1.2 2.2
RHEL-33 2.2 1.2 1.5
RHEL-35 0.8 < 0 .5  1 <0.5 1
RHEL-36 1.8 1.2 1.8
WI-38 2.8 0.5 < 0.51
V irus Sero type 1833-63 1833-63 68
* T h ro a t swab and n asa l washing
I No v iru s  d e te c te d  when specim en inocu lated  und ilu ted .
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TABLE 5.4
TITRES OF VIRUS POOLS OF SIX PROTOTYPE
RHINOVIRUS SEROTYPES IN EIGHT CELL STRAINS.
V irus Pool 
S ero type
A
FEB
A
FEB
B
181
C
5986
D
1059
E
11757
F
11757
G
363
RHEKF-30 4.8 4.8 4.8 4.8 4.2 4.8 4.8 3.5
RHEKF-33 4.8 4.8 3.5 4.5 3.5 3.8 4.2 3.8
RHEKF-35 4.8 4.8 5.2 4.8 3.5 4.5 4.5 4.5
RHEL-30 4.5 4.8 3.5 4.8 3.8 4.8 4.5 4.2
RHEL-33 4.5 4.8 3.8 3.8 3.8 4.5 4.2 3.5
RHEL-35 4.5 4.2 4.5 3.5 3.8 4.2 4.8 2.5
RHEL-36 4.5 4.8 4.5 4.8 3.5 5.2 4.2 3.2
WI-38 4.5 4.8 4.2 4.5 4.5 4.8 4.2 4.5
HEKF Mean 
T i t r e 4.8 4.8 4.5 4.7 3.7 4.4 4.5 3.9
HEL Mean 
T i t r e  * 4.5 4.7 4.2 4.4 3.9 4.7 4.4 3.6
D iffe ren ce  
betw een m eans 0.3 o j. 0.3 0.3 - 0.2 -0 .3 0.1 0.3
* Excluding RHEL-33. See t e x t  fo r  explanation.
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TABLE 5.5
TITRES OF VIRUS POOLS OF EIGHT RUCHELL
RHINOVIRUS SEROTYPES IN EIGHT CELL STRAINS.
V irus Pool 
Sero type
H
409-62
I
1321-62
J
130-63
K
4462-63
L
1192-65
M
1767-65
N
4411-65
0
UT
RHEKF-30 4.8 4.5 4.2 4.2 3.8 4.8 4.8 2.8
RHEKF-33 3.8 5.5 3.2 3.2 3.8 5.2 4.5 3.8
RHEKF-35 4.2 5.5 3.8 4.2 4.2 5.5 4.5 4.5
RHEL-30 4.2 5.5 3.2 3.5 4.2 5.2 4.5 3.2
RHEL-33 C 5.2 2.8 C 4.2 5.2 4.5 2.5
RHEL-35 3.5 5.2 3.5 2.5 4.5 4.8 4.5 3.8
RHEL-36 3.5 5.2 1.8 3.5 3.2 5.2 3.5 3.5
WI-38 4.8 5.5 4.5 3.5 4.5 5.2 4.5 3.5
HEKF Mean 
T i t r e 4.3 5.2 3.7 3.9 3.9 5.2 4.6 3.7
HEL Mean 
T i t r e * 4.0 5.3 3.2 3.3 4.1 5.1 4.3 3.5
D iffe ren ce  
betw een m eans 0.3 - 0.1 0.5 0.6 - 0.2 0.1 0.3 0.2
C -  No t i t r a t io n  because ceU s tr a in  co n tam in a ted  w ith  b a c te r ia
* Excluding RHEL-33. See te x t  fo r  explanation.
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TABLE 5.6
TITRES OF VIRUS POOLS OF THREE RUCfflLL
RHINOVIRUS SEROTYPES IN EIGHT CELL STRAINS
V iru s  P oo l 
S e ro ty p es
P
1647-63
Q
1376-64
R
2030-65
S
2030-65
T
2030-65
RH EK F-30 4.8 4.5 5.2 4.8 4.5
R H EK F-33 3.8 3.8 3.8 4.5 4.5
RH EK F-35 4.2 3.5 4.2 4.8 3.8
RH EL-30 3.5 2.2 2.5 3.2 2.5
RH EL-33 C C 2.2 2.8 1.5
RH EL-35 1.5 0.8 3.2 2.8 3.5
R H EL-36 2.5 1.8 1.5 2.5 2.2
W I-38 4.2 3.5 3.2 3.5 2.8
HEKF M ean 
T i t r e 4.3 3.9 4.4 4.7 4.3
HEL Mean
m  • ,  *T i t r e 2.9 2a 2.6 3.0 2.7
D if fe re n c e  
b e tw een  M eans 1.4 1.8 i—* • 00 1.7
vo•1—1
C = No t i t r a t i o n s  b e c a u se  c e ll s t r a in  co n tam in ed  w ith  b a c te r ia .  
* Excluding R H E L -33. See t e x t  f o r  ex p lanation .
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TABLE 5.7
MEAN TITRES OF TITRATIONS OF N AND K
VIRUSES IN EIGHT CELL STRAINS.
C ell S tra in T itra tio n s  o f 
N v iru s  pools
T itra tio n s  o f 
K v iru s  pools
R H EK F-30 4.39 -  0.17 4.76 -  0.13
RH EL-30 4.34 -  0.19 2.78 -  0.24
RH EK F-33 4.21 -  0.19 4.08 -  0.U
R H EL-33 4.09 -  0.21 ND
R H EK F-35 4.61 -  0.15 4.10 -  0.22
R H EL-35 4.16 -  0.19 2.36 -  0.52
R H EL-36 4.08 -  0.28 2.10 -  0.17
W I-38 4.55 -  0.12 3.44 -  0.23
ND = Not ca lcu la ted  b eca u se  two ti tra t io n s  w ere  b ac te riaU y  contam inated .
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Fig 5.1 Microplaque in RHEKF-30 c e lls  72 hours a fter  
inoculation with rhinovirus FEB. x 100
F ig . 5.2 M icrop laq u e in  R H E L -30  c e l l s  72 h o u r s  a f t e r
in o cu la tio n  w ith  rh in o v ir u s  F E B . x  100
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Fig 5.3 Microplaque in RHEKF-33 c e lls  72 hours a fter  
inoculation with rhinovirus FEB. x 100
F ig  5.4 Microplaque in RHEL-33 c e lls  72 hours a fter  
inoculation with rhinovirus FEB. x 100
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Fig 5.5 Microplaque in RHEKF-35 c e lls  72 hours a fter  
inoculation with rhinovirus FEB. x 100
F ig  5 .6  M icrop laq u e in  R H E L -3 5  c e l l s  72 h o u rs  a f t e r
in o cu la tio n  w ith  r h in o v ir u s  F E B . x  100
33
, F ig  5.7 Microplaque in RHEL-36 c e lls  72 hours a fter  
inoculation with rhinovirus FEB. x 100
F ig  5.8 M icrop laq u e in  W I-38  c e l l s  72 h o u r s  a f t e r
in o cu la tio n  w ith  rh in o v ir u s  F E B . x  100
3* O i  
2 ' 0
2 5 4 - 6 5
3 0  3 3  3 5 3 0  3 3  35  3 6  W138
HEK F HE L
S T R A 1 N S
Fig 5.9 T itres o f  rhinoviruses in three clin ical specim ens assayed
in eight c e ll stra ins. T itres expressed  as Log TCD^^/0.1 ml
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F ig  5.10 D if fe re n c e s  betw een m ean  t i t r e  in  th re e  HEKF s tra in s  and m ean  
t i t r e  in  f o u r  HEL s tra in s  f o r  21 v iru s  t i tra t io n s . D if fe re n c e s  
ca lcu la ted  by su b tra c tin g m ean t i t r e  in  HEL s tra in s  f ro m  m ean  
t i t r e  in  HEKF s tra in s .  H  V irus p assed  a t  le a s t  once in  HEL 
c e lls  im m ed ia te ly  b e fo re  t i tra tio n . H ]  V iru s  p a ssed  in  HEKF 
b e fo re  ti tra tio n .
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F ig  5.11 Mean t i t r e s  o£ 14 ti tra t io n s  o f N (norm al) rh in o v iru se s  in  eight 
ce ll s t r a in s ,  showing two stan d ard  dev ia tions o f the  m eans.
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F ig  5.12 Mean t i t r e s  o f f iv e  ti tra t io n s  o f K (kidney) rh in o v iru se s  in  
seven  c e ll s t r a in s ,  showing two stan d ard  dev ia tions o f  the
m eans.
CHAPTER 6
STUDIES WITH RESPIRATORY SYNCYTIAL VIRUS
T ab les  and F ig u re
TABLE 6.1
E FFE C T S OF CENTRIFUGATION AND ANTIBIOTICS ON 
MICROBIAL CONTAMINANTS
Inoculum Specim ensinoculated
Tubes
inoculated
Tubes * 
contam inated
%
contam inated
Supernate ) 40 240 1 0.4
D eposit ) 120 24 20.0
Supernate ) 40 240 13 5.4
D eposit + PSN) 120 7 5.8
* W ithin 3 days o f inocu lation  (i.e . b e fo re  change o f  m edium )
PSN = 100 u n its  p en ic illin , 100 p.g s trep to m y c in  and 50 
u n its  n y sta tin
TABLE 6.2
TITRES OF RS VIRUS IN BH CELLS A FT E R  VARIOUS 
PERIODS IN CONTINUOUS CULTURE
Thawing W eeks in  c u ltu re  a f t e r  thawing
*
T itre
E xp erim en t 1 53 2.1
4 3.5
E x p erim en t 2 55 3.1
6 4.7
55 + A 3.3
6 + A 4.5
E x p erim en t 3 16 + A 2.9
2 + A 3.9
* E x p re sse d  a t  Log TCD_0/0 .1  m l. F iv e  tubes w ere  
inocu lated  w ith each  d ilu tion  o f  v iru s .
A = grow n in  p re se n c e  o f 50 ^ug/ml o f  au reom ycin
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TABLE 6.3
ISOLATION OF RS VIRUS IN FOUR 
TYPES OF TISSUE CULTURES
W inter C asesT ested
C ases  y ie ld ing RS V irus 
BH RMK HEKF WI-38 T otal
1963-64 110 11 9 4 •  • • 14
1964-65 232 33 22 9 •  • • 38
1965-66 134 21 7 0 4 22
T otal 476 65 38 13 (4) 74
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TABLE 6.4
E FFE C T S OF VIRUS DOSE AND DURATION OF INCUBATION 
ON RS VIRUS NEUTRALIZING ANTIBODY TITRES
4 D ays * _  *7 Days
V iru s  dose  F V irus  dose  F
Serum 320 32 3.2 32,000 3,200 320 32 3.2
1 A cute <16 <16 <16 <16 <16 <16 <16 <16
Conv 16 64 256 <16 <16 <16 16 64
2 A cute <8 <8 <8 <8 <8 <8 <8 <8
Conv 32 128 1024 <8 8 8 32 128
3 A cute •  • • <16 <16 •  • • <16 <16 <16 <16
Conv •  • • 16 128 •  •  • <16 <16 32 256
4 A cute •  •  • <16 32 •  • • <16 <16 <16 <16
Conv •  • • 32 256 •  • • <16 <16 16 16
*  D uration  o f  incubation  o f t e s t  b e fo re  read in g  
F TCD 50/0 .1  m l
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TABLE 6.5
ANTIBODY TITRES OF PA TIEN TS1 SERA AGAINST 
TWO STRAINS OFRS VIRUS
P a t ie n t s
Age
(Months)
C om plem ent
F ixa tion
R andall
N eu tra liza tio n  
R andall ^ 329-63 
(100 TCD 5q) (68 TCD
*
50*
A cute Conv A cute Conv A cute Conv
10 <4 32 <8 <16 <8 64
5 <8 32 <8 16 <8 45
13 <4 64 <8 23 <8 90
16 <4 128 <8 23 <8 45
12 <4 128 <8 45 <8 180
15 <4 256 00 32 <8 32
5 <4 256 <8 16 <8 45
* V irus dose
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TABLE 6.6
E F F E C T  OF UNHEATED SERA ON RS VIRUS NEUTRALIZING
ANTIBODY TITRES
S era
PBS
V iru s  d iluent 
PBS +1% UGPS PBS + 25% URS
A cute <8 <8 <8
C onvalescen t 23 90 >256
*
V iru s  dose 10 10 10
UGPS = unheated  guinea pig  se ru m  
URS = unheated  ra b b it s e ru m  
* TCD 5()/0 .1  m l.
TABLE 6.7
ANTIBODY TITRES IN PATIEN TS1 SERA AGAINST RS
VIRUS DILUTED IN PBS AND IN PBS WITH HEATED 
AND UNHEATED RABBIT SERUM
P a tie n ts 1 S era
A dditional R abbit se ru m
Unheated
*
H eated None
1 A cute 23 11 H
Conv 64 23 16
2 A cute <8 <8 <8
Conv 64 16 16
+
V iru s  dose 32 32 32
o* 56 C f o r  30 n u n
+ TCD5()/0 .1  m l.
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TABLE 6.8
E F F E C T  OF UNHEATED RABBIT SERUM ON NEUTRALIZING 
ANTIBODY TITRES AGAINST D IFFER EN T STRAINS OF RS VIRUS.
1963-64 W in ter
A *Age
121-64 S tra in R andall S tra in
DI -US +US -US +US
2 6 < 8 45 11 32
16 < 8 64 11 32
5 10 < 8 <8 <16 <16
41 < 1 6 128 16 90
11 4 < 8 < 8 <  8 < 8
16 <. 8 128 16 64
FV iru s  dose 32 10 -  100 32 -  68 68 -  100
1964-65 W inter
143-65 S tra in R andall S tra in
A g e * DI -US * u s -US +US
4 3 16 23 11 23
11 23 64 16 64
7 5 < 8 < 8 < 8 11
12 128 >512 180 >512
7 1 < 8 < 8 < 8 < 8
12 <16 23 <  16 45
13 6 < 8 <  8 < 8 < 8
13 23 90 32 64
V iru s  dose  * 32 68 -1 0 0 32 -  68 68 -  100
x M onths DI = Day o f i l ln e s s  on w hich s e ra  w e re
co llec ted
TCD /0 .1  m l US = U nheated ra b b it  s e ru m
J U
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TABLE 6.9
NEUTRALIZING ANTIBODY TITRES AGAINST 
RANDALL AND 329-63 STRAINS
Age DI
-US
R andall
+US
329-
-US
63
+US
2 5 ND 64 ND 45
38 ND 45 ND 64
2 6 ND 23 ND 32
16 ND 32 ND 32
84 ND 16 ND 16
4 3 11 23 11 23
11 16 45 16 32
34 3 16 32 16 45
10 >1024 >1024 >1024 >1024
V irus dose  ^ 32 - 68 68 -  100 32 -  68 32 -  100
x  M onths
TCD /O.l ml
DI = Day o f i l ln e s s  on w hich s e ra  w ere  co llec ted  
US = U nheated ra b b it s e ru m
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TABLE 6.10 
ANTIBODY RESPONSES OF GUINEA PIGS 
INOCULATED WITH TWO STRAINS OF RS VIRUS
S erum  N um ber Antibody t i t r e  ag a in st v iru s  s tra in
R andall 329 -63 Fold  D iffe re n c e
+US -US +US -US +US -US
R andall 1 PR < 4 -<4 < 4 < 4
PO 512 512 16 11 32 45
2 PR <.4 <~4 <-4 ^ 4
PO 512 256 128 32 4 8
329-63 1 PR ^ 4 < 4 < 4 ^ 4 2 4 1"
PO 1024 360 2048 90
2 PR <:4 <. 4 ^ 4 < 4
PO 1024 256 2048 256 2 0
v v
V iru s  dose 180 68 180 68 • • • • ••
B etw een hom ologous and he te ro lo g o u s t i t r e s
1 H etero logous t i t r e  h ig h e r than  hom ologous 
** TCD 5Q/0.1 m l
US = Unheated ra b b it s e ru m  
P R  = P re -im m u n iz a tio n  se ru m  
PO = P o st-im m u n iza tio n  se ru m
48
TABLE 6.11
TITRES AND NEUTRALIZATION INDICES OF TWO RS VIRUS 
STRAINS IN THE PRESENCE 
OF VARIOUS SERA
Serum
R andall +US
V irus s tra in  
329-63 +US R andall -US 329-63 -US
N orm al 4.7 4.1 4.3 3.9
R andall A <  0.5 1.7 <-0.5 3.3
329-63/2 0.9 <,0.5 1.5 0.9
NI w ith R an d a ll/I .>4.2 2.4 >3.8 0.6
NI w ith 329-63/2 3.8 > 3 .6  2.8 3.0
T i tr e s  ex p re ssed  a s  Log TCD^q/ 0.1 m l 
NI = N eu tra liza tio n  index
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TABLE 6.12
ATTEM PTS TO CONCENTRATE RS VIRUS WITH AlCl J
AND Na^COj
Expt. 1 Expt. 2 Expt. 3
O rig ina l v iru s 4.7 4.9 5.2
S upernate < 1 .5 1.7 2.1
P re c ip ita te 6.3 6.3 5.9
T i tr e s  ex p re ssed  a s  Log T C D ^ /D .!  m l
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TABLE 6.13
ANTIBODY RESPONSES OF GUINEA PIGS TO
VARIOUS RS ANTIGENS
A ntigen
Type T itre  *
Serum
No.
+US
V irus S tra in  
R andall 329-
-US +US
-63
-US
R andall
N orm al 5.2 4 PR < 4 < 4 < 4 <-4
PO 32 11 16 < 4
5 PR <  4 < 4 <-4 <-4
PO 512 16 <16 4
C oncen trated 5.9 6 PR < 4 < 4 <4 < 4
PO <16 <~4 <16 4
7 PR < 4 < 4 < 4 < 4
PO 45 4 < 1 6 11
329-63
N orm al 4.7 4 PR <  4 < 4 < 4 <4
PO <16 < 4 16 <4
5 PR < 4 < 4 < 4 < 4
PO <16 <4 512 < 4
C oncen trated 6.3 6 PR < 4 <4 < 4 < 4
PO <-16 <4 128 6
7 PR <  4 < 4 < 4 < 4
PO 128 32 >1024 32
V iru s  dose 180 100 180 100
*  Log TCD 5()/0 .1  m l
1 TCD 5()/0 .1 m l 
US = U nheated ra b b it  se ru m  
P R  = P re -im m u n iz a tio n  se ru m  
PO = P o s t-im m u n iza tio n  se ru m
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TABLE 6.14
TITRES OF FOUR RS ANTISERA AGAINST NINE 
VIRUS STRAINS
V irus
S tra in
K
D ose 1
R andall
5
A n tise ra
329-
2
-63
5
CH 18357 32 256 1024 2048 2048
3892-65 180 256 1024 2048 2048
4410-65 32 512 1024 4096 2048
143-65 180 64 16 1024 256
4414-65 32 64 32 512 <  8
4178-65 32 16 8 256 < 8
121-64 180 16 8 128 < 8
R andall 180 512 512 1024 < 1 6
329-63 180 16 <16 2048 512
* V iru s  d ilu ted  in  25% unheated ra b b it s e ru m  in  a l l  t i tra t io n s
* TCD5q/0.1 m l
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TABLE 6.15
GEOMETRIC MEAN TITRES OF RANDALL AND 
329-63 ANTISERA AGAINST 9 
VIRUS STRAINS
V iru s
S tra in
R andall 
S era  1 + 5
329-63 
S era  2 + 5 Fold  D if fe re n c e
R andall 512 90 0.2
4178-65 11 11 1
4414-65 45 45 1
121-64 11 23 2
3892-65 512 2048 4
4410-65 720 2880 4
CH 18357 512 2048 4
143-65 32 512 16
329-63 11 1024 90
^  •  *
F old  d if f e re n c e  = g eo m etric  m ean t i t r e  o f 329-63 s e ra
g eo m etric  m ean t i t r e  o f R andall s e ra
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3  5 •  4 4 1 0
3 2 9 - 6 3
3  0
2  5
2 0
R A N D A L L
•  4 4 1 4
1 - 5
•  4 1 7 810
10 I • 5 2 0 2  5 3  0
L O G  M E A N  T I T R E  R A N D A L L  S E R A
F ig  6.1 Log. m ean t i t r e  o f 329-63 s e ra  p lo tted  ag a in s t log. m ean 
t i t r e  o f  R andall s e ra  f o r  9 RS v iru s  s tra in s .
-----------hom ologous t i t r e  o f R andall s e ra
- .  - .  -  hom ologous t i t r e  o f 329-63 s e ra  
. . . . .  fo u r fo ld  l e s s  than  hom ologous t i t r e s  
D iagonal lin e  in d ica te s  s tra in s  equally  re la te d  to  R andall 
and 329-63 s tra in s .
PART II
THE EPIDEMIOLOGY OF HUMAN RESPIRATORY 
VIRUSES ISOLATED IN GLASGOW, 1962 -  1966
CHAPTER 9
ADULTS AND CHILDREN AT HOME 
AND AT WORK
T ab les
54
TABLE 9.1
AGE AND SEX CHARACTERISTICS AND VIRUS ISOLATIONS 
OF CASES AND THEIR CONTACTS
Age (Y ears) Sex V iru se s  Iso la ted
Range Mean M F RS RHM RHH
31 c a s e s  2-13 5.1 15 16 1 1  3
31 con­
ta c ts  2-11 5.5 14 17 0 1 3
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TABLE 9.2
%
MONTHLY DISTRIBUTION OF CASES, CONTACTS 
AND VIRUSES ISOLATED
MONTH CASES VIRUSES CONTACTS VIRUSES
1962 N ovem ber 
D ecem ber
1963 January  
F e b ru a ry  
M arch 
A p ril
4 
12
5
6 
2 
2
I R S ,  3 RHH 
1 RHM
4 
12
5
6 
2 
2
1 RHH 
1 RHH, 1 RHM
1 RHH
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TABLE 9.3
VIRUSES ISOLATED ACCORDING TO AGE
AGE (Y ears) EPISODES
VIRUSES ISOLATED 
F L  P F  RH 
A2 B 1 3 M H
HS
0 - 1 5 61 0 16 1 0 0 6 1 X
16 -  30 34 1 1 0 0 2 16 0
31 -  45 18 0 2 0 1 1 5 0
46 -  60 4 0 1 0 0 0 0 0
T otal 117 1 20 1 1 3 27 l x
iso la ted  f ro m  a child  who a lso  y ie lded  in flu en za  B.
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TABLE 9.4
VIRUSES ISOLATED ACCORDING TO SEX
SEX EPISODES
A2
F L
B
VIRUSES ISOLATED 
P F  RH 
1 3  M H
HS
M ale (Adult) 29 0 3 0 0 2 10 0
(Child) 38 0 10 1 0 0 5 i x
F em a le  (Adult) 27 1 1 0 1 1 11 0
(Child) 23 0 6 0 0 0 1 0
T otal 117 1 20 1 1 3 27 l x
iso la ted  f ro m  a  child  who a lso  y ie lded  in flu en za  B.
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TABLE 9.5
VIRUS ISOLATIONS ACCORDING TO ILLNESS
ILLNESS GROUP EPISODES F L  
A2 B
VIRUSES ISOLATED 
P F  RH 
1 3  M H
HS
Cold A dult 39 0 0 0 1 3 20 0
Child 46 0 11 1 0 0 6 0
Sore T h ro a t Adult 9 0 0 0 0 0 1 0
F lu -lik e Adult 8 1 4 0 0 0 0 0
Child 15 0 5 0 0 0 0 i x
T o ta l 117 1 20 1 1 3 27 i x
X iso la ted  f ro m  a  ch ild  who a lso  y ie lded  in flu en za  B v iru s .
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TABLE 9.6
MONTHLY DISTRIBUTION OF EPISODES AND VIRUS 
ISOLATIONS 1962 -  66
MONTH EPISODES
A2
F L
B
VIRUSES
P F1 3
ISOLATED
M ^ n  h
HS
January 32 0 14 0 0 0 0 1 X
F e b ru a ry 15 1 6 0 0 0 1 0
M arch 13 0 0 0 0 1 4 0
A p ril 8 0 0 0 1 0 3 0
May 3 0 0 0 0 1 1 0
June 2 0 0 0 0 0 2 0
July 2 0 0 0 0 0 0 0
A ugust 4 0 0 0 0 0 0 0
S eptem ber 8 0 0 0 0 0 4 0
O ctober 11 0 0 0 0 0 5 0
N ovem ber 10 0 0 1 0 0 5 0
D ecem ber 9 0 0 0 0 1 2 0
T ota l 117 1 20 1 1 3 27 l x
F ig u re s  f o r  F e b ru a ry , M arch , A p ril include 5 y e a r s ' o b se rv a tio n s , f ig u re s
f o r  o th e r  m onths include 4 y e a r s ' o b se rv a tio n s.
child  a lso  y ie lded  in flu en za  B v iru s .
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TABLE 9.7
VIRUSES ISOLATED ACCORDING TO DURATION 
OF ILLNESS
DURATI ON 
(D ays)
EPISODES F L  
A2 B
VIRUSES ISOLATED 
P F  RH HS 
1 3 M H*
PE R  CENT
1 -  3 92 1 17 1 1 2 18 1 45
4 - 7 23 0 3 0 0 1 6 0 43
8 - 1 4 2 0 0 0 0 0 2 0 (100)
T o ta l 117 1 20 1 1 3 26 1 45
X One rh in o v iru s  H in fe c tio n  w as de tec ted  only in  a second specim en  
and is  th e re fo re  co n sid ered  negative in  th is  tab le .
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TABLE 9.8
EXAMINATION OF 35 SPECIMENS FROM 
13 EPISODES
DURATION OF ILLNESS (DAYS) SPECIMENS v '
1 - 3  4 - 7  8 - 1 4  —15
E xam ined 11 11 10
R hinov irus positive  10
F i r s t  ap p ea ran ce
o f  CPE 5.8 5.9 6.9
(Mean num ber o f 
days)
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TABLE 9.9
RHINO VIRUS SEROTYPES ISOLATED FROM 
SEPARATE EPISODES OF SIX ADULTS.
ADULT MONTHS STUDIED SEROTYPES ISOLATED
1 10 UT , B 632, 68 , UT
2 28 409-62, U T, 1059
3 15 1833-63, 4574-62, UT
4 6 F E B , UT
5 35 1192-65, UT
6 5 U T, UT
UT *  untyped
CHAPTER 10
ADULTS WITH CHRONIC BRONCHITIS
T ab les  and F ig u re
TABLE 10.1
CLASSIFICATION OF 15 BRONCHITICS 
(MRC, 1965a) .
TY PE OF BRONCHITIS MALE FEM ALE
Sim ple C hronic B ro n ch itis 2 5
C hronic o r  R e c u rre n t M ucopurulent 
B ro n ch itis 2 2
C hronic O b stru c tiv e  B ro n ch itis 4 0
T otal 8 7
64
TABLE 10.2
CHARACTERISTICS OF 15 BRONCHITICS (MRC, 1960).
CHARACTERISTIC MALE FEM ALE
Age
25 -  44 y e a rs 3 2
45 -  64 y e a rs 5 4
65 -  84 y e a rs 0 1
P hlegm  P roduction
G rade 1 3 3
G rade 2 5 4
Sputum V olum e
Group 0 1 2
1 1 0
2 1 3
3 4 1
4 1 1
Bm oking H abits 
G roup 0 1 1
1 1 2
2 L 3 3
2 M 2 1
2 H 1 0
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TABLE 10.4
EXAMINATION OF 187 SPECIMENS FROM  75 
EPISODES IN CHRONIC BRONCHITICS
TY PE OF SPECIM EN NO OF VIRUSES ISOLATED
SPECIMENS P F  HS RH TOTAL
N ose
T h ro a t
Sputum
67 1 1 11 13
69 1 0 3 4
51 1 0  5 6
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TABLE 10.5
EXAMINATION OF 36 SPECIMENS FROM 19 EPISODES 
IN FAMILY CONTACTS
VIRUSES ISOLATED
TY PE NO. o fr
c p  f c t m f n s
SPECIM EN P F  HS RH AD TOTAL
N ose 17 2 1 1 1  5
T h ro a t 18 1 0 0 1 2
Sputum  1 0 0 0 0 0
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TABLE 10.6
DETAILS OF THREE RfflNOVIRUS INFECTIONS 
IN PATIENT 1.
*
FEM ALE AGED 53 YEARS
DATE WEEK OF INFECTION 1 INFECTION 2 INFECTION 3STUDY I S I S I S
27.2.62 9 <4 <4 ND
12.3.62 11 <4 ND 8
14.5.62 18 <4 <4 8
3.9.62 36 N <4 ND 8
10.9.62 37 S ... • • • • • •
17.9.62 38 <8 <8 ND
29.10.62 44 45 NS <8 ND
12.11.62 46 64 720 8
10.6.63 76 11 720 8
21.10.63 95 11 360 8
28.2.64 113 ND 720 8
17.3.64 116 4 ND ND
18.4.64 120 ND 512 8
4.5.64 123 • • ♦ • • • N ...
4 .6 .64 127 8 720 128
Type o f  ep isode C — * E C — >E C---- > E
D ate o f onse t 2 .9 -> 10 .9 28.10—>5.11 3.5 -->4 .5
R h inov irus se ro ty p e 4704-62 4574-62 1376-64
I = sp ec im en s f r o m  w hich rh in o v iru se s  w e re  iso la ted  
S = n e u tra liz in g  antibody t i t r e s  ag a in st hom ologous rh in o v iru s  
N = n a sa l w ash ings 
S = sputum
C = cold
E = ex ace rb a tio n  
ND = not done
* Age a t  beginning o f  investig a tio n  
...  = no s e ru m  co llec ted .
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TABLE 10.7
DETAILS OF TWO RHINOVIRUS INFECTIONS IN PATIENT 2.
FEMALE OF 32 YEARS
DATE WEEK OF STUDY
INFECTION 1 
I S
INFECTION 2 
I S
16.1.63 55 <4 ND
22.5.63 73 N . . .
23.5.63 73 S . . .
5.6.63 75 8 <4
7.8.63 84 128 ND
21.8.63 86 180 <4
30.10.63 96 32 <4
27.11.63 100 .... N
11.12.63 102 32 23
1.4.64 118 32 23
Type o f  ep isode C --------------> E C -------------- > E
D ate o f  O nset 13 .5— >3.6 18.11'— > 5.12
R hinov irus se ro ty p e 1647-63 4462-63
Abbreviations a s  in Table 10.6.
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TABLE 10.8
DETAILS OF TWO RHINOVIRUS INFECTIONS IN PATIENT 3.
FEMALE OF 29 YEARS
DATE WEEK OF STUDY
INFECTION 1 
I S
INFECTION 2 
I S
13.2.62 7 N <4 <4
22.2.62 8 4 ND
25.10.62 43 <4 <4
8.11.62 45 <4 ND
12.2.63 59 <4 ND
28.2.63 61 ND <4
6.6.63 75 ND NTS <4
26.6.63 78 <4 256
20.10.63 96 <4 23
15.4.64 120 <4 45
Type o f  ep isode C C ------- —> E
D ate o f  onse t 10.2 31.5 ----- - >  6.6
R hinov irus se ro ty p e 409-62 1833--63
T = th ro a t swab
Other abbreviations a s  in Table 10.6.
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TABLE 10.9
DETAILS OF TWO RHINOVIRUS INFECTIONS IN PATIENT 4.
FEMALE OF 49 YEARS
^ ArnT. WEEK OF DATE STUDY
INFECTION 1 
I S
INFECTION 2 
I S
3.3.62 9 32 <4
23.5.62 21 NT 32 ND
30.5.62 22 128 <4
13.10.62 41 1440 N <4
23.3.63 64 ND 45
9.4.63 67 1024 45
7.9.63 88 512 45
21.9.63 90 512 23
2.11.63 96 512 11
18.4.64 120 512 11
Type o f  ep isode E --------------> C E -------------> C
D ate o f  onse t 13 .5 —>22.5 6.10 - ^ 11.10
R hinov iru s se ro ty p e 409-62 179 E
A bbreviations a s  in T ables 10.6 and 10.8
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TABLE 10.10 
DETAILS OF RHINOVIRUS INFECTION IN PATIENT 5.
MALE OF 43 YEARS
DATE WEEK OF STUDY I S
25.1.62 4 <4
3.5.62 18 N <4
17.5.62 20 4
20.12.62 51 < 4
28.3 .63 65 <4
31.10.63 96 <4
9.1.64 106 <4
Type o f  ep isode E
D ate o f onse t 1.5
R hinov irus se ro ty p e 1321-62
Abbreviations a s  in Table 10.6.
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TABLE 10.11
DETAILS OF RHINOVIRUS INFECTION IN PATIENT 6.
MALE OF 39 YEARS
WEEK OF
d a t e STUDY I S
3.1.63 53 <4
9.2.63 58 <4
21.3.63 64 N <4
6.4.63 66 8
11.5.63 71 23
7.9.63 88 4
21.9.63 90 4
19.10.63 94 4
4.4 .64 118 4
Type o f  ep isode C - 4  E
D ate o f  onse t 19 .3—4 27.3
R hinov irus se ro ty p e 130-63
A bbreviations a s  in  Table 10.6.
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TABLE 10.12 
DETAILS OF RHINOVIRUS INFECTION IN PATIENT 7. 
MALE OF 59 YEARS
DATE WEEK OF 
STUDY I S
5.12.62 49 <4
14.1.63 55 NTS
28.1.63 57 <4
22.4.63 69 32
7.5.63 71 32
9.9.63 89 22
23.9.63 91 45
21.10.63 95 32
6.4.64 119 32
Type o f  ep isode C --------------- > E
D ate o f  onse t 11.1------> 28.1
R hinov irus se ro ty p e 130-63
A b b rev ia tions a s  in  T ab les  10.6 and 10.8.
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TABLE 10.13
CLINICAL CLASSIFICATION ANDVIRO LOGICAL RESULTS
OF 12 RESPIRATORY EPISODES
CLINICAL GROUPS RHINOVIRUSESISOLATED
C olds (a) w ithout exacerb a tio n 2 0
(b) fo llow ed by exacerb a tio n 6 2
E x acerb a tio n s  w ithout co lds 4 0
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TABLE 10.14
DETAILS OF RHINOVIRUS INFECTION IN PATIENT 8. 
MALE OF 25 YEARS
DATE SPECIMENS FOR ISOLATION S
24.2.65 T /N  + 11
13.3.65 T /N  - 1024
8.4.65 T /N  - 1024
28.4.65 None 256
Type o f ep isode C ---------- > E
D ate o f o n se t 17.2—>24.2
R h inov irus se ro ty p e UT
+ = rh in o v iru s  iso la ted  
-  = no rh in o v iru s  iso la ted  
UT = not n e u tra liz ed  by 40 av a ilab le  a n tis e ra  
T /N  = th ro a t swab and n a sa l w ashing com bined
O th er ab b rev ia tio n s  a s  in  T ab le  10.6.
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TABLE 10.15 
DETAILS OF RHINOVIRUS INFECTION IN PATIENT 9. 
MALE OF 41 YEARS.
DATE SPECIMENS FOR 
ISOLATION S
18.3.65 T /N  + 
S +
< 4
25.3.65 T
S +
•  •  •
5.4.65 T
S
•  •  •
15.4.65 None 16
Type o f ep isode C — > E
D ate o f  onse t 16.3-* 23.3
R hinov irus se ro ty p e 6 8
A bbreviations a s  in Table 10.14.
NFECTIONS ■ • . r h i n o v i r u s
E : PARAINFLUENZA 
□ : I N FL U E NZ A
ILLNESSES
□  = CHEST NOT 
AFFECTED
■  ‘ CHEST AFFECTED
J F M A M J  J A S O N D  
M O N T H S
. 10.1 Monthly Distribution o f 16 Virus Infections and 75
R espiratory I lln esses  found in 15 Chronic Bronchitics. 
F igures fo r  January -  June based on three y e a r s1,
July -  D ecem ber on two y e a r s1 observations; fig u res  
fo r  July unrepresentative because o f loca l holidays.
C H APTER 11
CHILDREN IN HOSPITAL
Tables and F igures
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TABLE 11.1.
VIRUS ISOLATION ACCORDING TO AGE
AGE CASES
RS
VIRUS ISOLATED 
ADI AD5
1 -  5 M 15 4 0 0
6 -  11 M 8 2 1 0
12 -  23 M 14 2 0 1
2 -  5 Y 2 0 0 0
T otal 39 8 1 1
M = m onths
Y = y e a rs
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TABLE 11.2
VIRUS ISOLATIONS ACCORDING TO ILLNESS
ILLNESS CASES
VIRUS ISOLATED 
RS ADI AD5
Pneum onia o r  
B r  onchopneum onia 18 3 1 0
B ro n ch itis  o r  
B ro n ch io litis 13 4 0 1
URT I 8 1 0  0
T otal 39 8 1 1
URTI = u p p er re s p ir a to ry  t r a c t  il ln e s s
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TABLE 11.3
MONTHLY DISTRIBUTION OF VIRUS ISOLATIONS
MONTH CASES
VIRUS ISOLATED 
RS ADI AD5
D ecem ber 13 4 0 0
January 8 2 0 0
F e b ru a ry 10 2 0 0
M arch 3 0 1 0
A p ril 3 0 0 1
May 2 0 0 0
Total 39 8 1 1
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TABLE 11.4 
POPULATION STUDIED
GROUP SEX
AGE IN MONTHS 
0-11 12-23 24-72
TOTAL
R e sp ira to ry M ale 27 15 22 64
F em ale 23 11 15 49
D ia rrh o ea l Male 24 16 21 61
F em ale 22 14 16 52
Total 96 56 74 226
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TABLE 11.5
VIRUSES ISOLATED FROM  THROAT AND NOSE SWABS
GROUP CASES
RS
VIRUS ISOLATED 
P F  RH HS AD ENT TOTAL
R e sp ira to ry 113 26 9 10 12 5 2 64X
+
D ia rrh o ea l 113 1 2 10 4 8 6 31
T otal 226 27 H 20 16 13 8 95XX
X Dual iso la tio n  in  f iv e  c a se s : RS + HS
RS + ADI 
PF3+ AD2 
RHM+ HS 
ADI + HS
+ Dual iso la tio n  in  two c a s e s : RS + P F 3
RHH+ AD 5
XXDual iso lation  in seven  c a se s  (see  above)
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TABLE 11.6
VIRUS ISOLATIONS FROM  RESPIRATORY ILLNESSES 
ACCORDING TO DAY OF ILLNESS
DAY OF ILLNESS CASES RS
VIRUS ISOLATED 
P F  RH HS AD ENT TOTAL
1 - 3 60 12 4 4 7 2 1 30
4 - 7 38 11 3 5 4 3 1 27
> 7 10 2 1 1 0 0 0 4
Unknown 5 1 1 0 1 0 0 3
Total 113 26 9 10 12 5 2 64
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TABLE 11.7
VIRUS ISOLATIONS ACCORDING TO AGE
VIRUS ISOLATED
AGE CASES RS P F RH HS AD ENT TOTAL
0 -  5 M 74 17 4 5 0 3 1 30
6 -11  M 23 4 2 3 1 2 2 14
12 -  23 M 56 4 2 5 7 8 3 29
2 -  6 Y 73 2 3 7 8 0 2 22
T otal 226 27 11 20 16 13 8 95
M = m onths
Y = y e a rs
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TABLE 11.8
VIRUS ISOLATIONS ACCORDING TO 
ILLNESS
*
ILLNESS CASES RS
VIRUS ISOLATED 
P F  RH HS AD ENT TOTAL
R e sp ira to ry
Pneum onia o r  
B ronchopneum onia 47 13 5 4 6 4 1 33(3)
B ro n ch itis  o r  
B ro n ch io litis 51 13 2 3 4 0 0 22 (2)
Croup 3 0 0 0 1 0 0 1
URTI 12 0 2 3 1 1 1 8
D ia rrh o ea l
B a c te r ia l
d ia rrh o e a 55 1 1 6 2 3 2 15(2)
N o n -sp e c ific
d ia rrh o e a 58 0 1 4 2 5 4 16
T o ta l 226 27 11 20 16 13 8 95(7)
* F in a l d iag n o sis  o f  il ln e s s  w ith w hich p a tien t w as adm itted  
F ig u re s  in  b ra c k e ts  r e f e r  to dual iso la tio n s  
URTI = u p p er r e s p ir a to ry  t r a c t  i l ln e s s
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TABLE 11.9
MONTHLY DISTRIBUTION OF VIRUS ISOLATIONS
MONTH CASES
RS
VIRUS ISOLATED 
P F  RH HS AD ENT TOTAL
1963 O ct 1 3 « X 5 0 1 2 0 1 9
Nov 15 2 1 0 0 1 0 4
Dec 12 2 0 0 1 0 1 4
1964 Jan 14(2) 3 0 2 2 3 0 10
Feb 12 1 0 2 0 0 1 4
M ar 14 0 1 1 3 0 0 5
A pr 14(1) 0 2 0 1 1 1 5
May 8 0 0 1 0 1 1 3
Jun 8 1 1 0 1 0 1 4
Jul 0 0 0 0 0 0 0 0
Aug 10 0 0 2 0 0 1 3
Sep 14 0 1 0 2 3 0 6
O ct 18 0 2 2 1 0 0 5
Nov 26(1) 4 2 1 2 1 1 H
Dec 10(1) 2 1 0 0 0 0 3
1965 Jan 4 2 0 0 0 1 0 3
Feb 16 3 0 2 0 0 0 5
M ar 13 2 0 2 1 1 0 6
A pr 5(1) 0 0 4 0 1 0 5
T otal 226(7) 27 U 20 16 13 8 95
X F igures in  brackets indicate dual iso la tions
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TABLE 11.10
AGE AND SEX COMPOSITION OF POPULATION STUDIED
AGE IN MONTHS 
0 -  11 12 -  23 24 -  120 TOTAL
M ale 96 21 4 5 162
F em a le  47 17 24 88
T otal 143 38 69 250
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TABLE 11.11
VIRUS ISOLATIONS FROM  250 CHILDREN ACCORDING TO SEX
SEX CASES
F L  
A B
P F  
1 2 3
VIRUS ISOLATED
RS RH HS AD ^ B  
M H 1 2  3 5 1 5
ECHO
3
TOTAL
UT
M ale 162 2 2 2 1 3 35 2 10 6 1 1 2 1 3 2 1 2 76X 
+
F em a le  88 1 3 0 0 5 12 0 10 10 1 0 2 0 2 0 0 37
T otal 250 3 5 2 1 8 47 2 20 71  2 2 3 34 1 2 m * *
FLA + ADI RS + RHH
FLB + HS RS + AD 3
P F l + RHH RS + UT
RS + RHM RHH + AD2
RS + RHH
X X Dual iso la tio n  in  n ine c a se s  (see above)
£  = co x sack iev iru s
UT = untyped
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TABLE 11.12
VIRUS ISOLATIONS ACCORDING TO DAY OF ILLNESS
DAY OF 
ILLNESS CASES F L PF
VIRUS ISOLATED 
RS RH HS AD ENT TOTAL
1 - 3 144(5) 3 5 29 17 1 4 5 64(44%)
4 - 7 81(3) 4 4 U 3 6 3 3 34(42%)
>7 22 (1) 1 2 6 2 0 0 1 12(55%)
Unknown 3 0 0 1 0 0 1 1 3
T otal 250(9) 8 11 47 22 7 8 10 113
F ig u re s  in  b ra c k e ts  in d ica te  dual iso la tio n s .
TABLE 11.13
VIRUS ISOLATION RATES ACCORDING TO AGE
PERCENTAGE ISOLATION RATESTOTAL TOTALA fip
CASES VIRUSES
F L  P F  RS RH HS AD ENT
0 -  5 M 86(2) 44 0 6 33 7 0 2 3
6 -  11 M 57(2) 25 0 5 19 9 0 4 7
12 -  23 M 38(3) 20 8 8 11 11 3 8 5
2 -  10 Y 69(2) 24 7 0 6 10 9 1 1
T otal 250(9) 113 3 4 22 9 3 3 4
M = m onths 
Y = y e a rs
F ig u re s  in  b ra c k e ts  in d ica te  dual iso la tio n s
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TABLE 11.14
VIRUS ISOLATIONS ACCORDING TO ILLNESS
ILLNESS* CASES
F L
VIRUS ISOLATED 
P F  RS RH HS AD ENT TOTAL
Pneum onia o r  
B ronchopneum onia 75(2)X 2 4 15 6 6 3 2 38
B ro n ch io litis  o r  
B ro n ch itis 144(6) 2 5 28 14 0 3 6 58
Croup 6(L) 2 1 0 1 0 1 0 5
URTI 25 2 1 4 1 1 1 2 12
T otal 250 8 11 47 22 7 8 10 113
* F in a l d iagnosis  o f  i l ln e s s  w ith w hich p a tien t w as adm itted  
X F igures in brackets indicate dual iso lations.
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TABLE 11.15
MONTHLY DISTRIBUTION OF VIRUS ISOLATIONS
MONTH CASES *F L P F
VIRUS ISOLATED 
RS RH HS AD ENT TOTAL
1964 Dec 25(3) 0 2 6 2 1 2 2 15
1965 Jan 28(1) 0 1 12 1 1 0 0 15
Feb 14a) 0 0 4 2 0 2 1 9
M ar 22 2 2 1 3 1 1 0 10
A pr 7 0 0 2 0 0 0 0 2
May s a ) 0 2 0 3 0 0 1 6
Jun 12 1 0 0 1 0 0 3 5
Jul 7 0 0 0 3 0 0 1 4
Aug 5 0 1 0 0 0 1 0 2
Sep 9 0 0 1 1 1 0 0 3
O ct 11 0 0 2 1 0 0 1 4
Nov 48a) 0 2 18 3 0 0 0 23
Dec 19 0 1 0 0 0 1 0 2
1966 Jan 12(2) 4 0 0 0 2 1 0 7
Feb 6 1 0 0 0 1 0 0 2
M ar 9 0 0 1 2 0 0 0 3
A pr 8 0 0 0 0 0 0 1 1
T otal 250 8 11 47 22 7 8 10 113
F ig u re s  in  b ra c k e ts  in d ica te  dual iso la tio n s
* Two v iru s e s  iso la ted  in  M ar 1965 and one in  Jan 1966 w ere  type A 2, the 
re m a in d e r  w e re  type B.
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TABLE 11.17
RHINOVIRUS SEROTYPES FOUND IN CHILDREN IN HOSPITAL
SEROTYPE
ILLTESS
R e sp ira to ry D ia rrh o ea l
TOTAL
P ro to type
B632 1 0 1
181 1 0 1
204 1 0 1
5986 1 0 1
363 1 0 1
11757 2 0 2
R uchill
1321-62 2 1 3
1833-63 1 2 3
1192-65 1 0 1
1767-65 1 0 1
2030-65 4 2 6
4411-65 2 0 2
Untyped 14 5 19
T otal 32 10 42
98
TABLE 11.18
INITIAL RS VIRUS NEUTRALIZING ANTIBODY TITRES AND 
RS VIRUS INFECTIONS OF CHILDREN IN 
HOSPITAL
INITIAL ANTIBODY TITRE TOTAL
RS VIRUS DIAGNOSIS
<4 o r <8 4 8 16 32 64 >64
In fec ted  19 4 3 2 7 2 1 38
Not in fe c te d  7 3 7 3 8 4 0  32
Total 26 7 10 5 15 6 1 70
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TABLE 11.19
INITIAL RS VIRUS NEUTRALIZING ANTIBODY TITR ES, AGE AND 
RS VIRUS INFECTIONS OF CHILDREN IN HOSPITAL.
AGE VIRO LOGICAL 
DIAGNOSIS
NO. INITIAL ANTIBODY TITRE 
RANGE GM
1 -  5 M RS negative 11 4 - 32 3.62 -  0.31
RS p o s itiv e -Iso l 10 4 - 64 4.0 -  0.47
RS p o s itiv e -S e ro l 2 <4 - 32 3.0 -  1.6
6 -  60 M RS negative 21 <4 -  64 3.33 -  0.45
RS p o s itiv e -I  so l 11 <4 -  8 1.82 -  0.18
RS p o s itiv e -S e ro l 15 <4 ->64 2.73 -  0.53
M = m onths
Iso l = v iru s  iso la tio n  w ith o r  w ithout se ro lo g ica l co n firm a tio n
Sero l = fo u r fo ld  o r  g re a te r  t i t r e  r i s e  by CF o r  n eu tra liza tio n
te s t s ,  bu t no v iru s  iso la tio n
GM = g eo m etric  m ean  t i t r e  and s tan d ard  dev iation  o f the m ean ,
ex p re sse d  a s  log  . T i t r e s  o f <4 w ere  taken  a s  2,
<8  a s  4 and > 64 a s  128, f o r  th e se  ca lcu la tio n s .
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TABLE 11.20
MULTIPLE INFECTIONS
ILLNESS METHOD OF DIAGNOSIS ISOLATION CF TEST
URTI
Croup
BRONCHITIS
BRONCHIOLITIS
BRONCHOPNEUMONIA
PNEUMONIA
RHH
FLA  + ADI 
RS
RS+RHM
RS+RHH
RS+RHH
RS+HS
RS+AD3
RHH
PF3
RHM+HS
RHH+AD2
PFl+RHH
RS+Adl
PF3+AD2
HS+AD1
FLB+HS
RS+UT
RHH
RS 
•  •  •
P F
RS+PF
R S+PF
RS
P F
AD
PF+AD
RS
AD
AD
FLB+HS 
•  •  •
RS+AD
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TABLE 11.20 (Continued)
ILLNESS METHOD OF DIAGNOSIS
ISOLATION CF TEST
Pneum onia HS RS
D ysen tery RHH+AD5 •  «  •
G a s t r  o -  ent e r i t i  s RS+PF 3 •  •  •
-  = negative 
. . .  = not done
«  'ST *rj _  0 0  T f CD ^
3 U 1 I 1  A Q 0 9 I 1 N V
F ig . U .l RS V iru s  N eu tra liz in g  Antibody T i tr e s  in  
C h ild ren  E n te rin g  H ospital.
3 a i l l  A Q O a i i N V
11.2 In itia l RS V irus N eu tra liz ing  Antibody T i tr e s  and RS V irus 
In fec tio n s  o f C hild ren  under 5 m onths and C hildren  ov er 5 
m onths E n te rin g  H ospital. In fec ted  ch ild ren  had an  RS v iru s  
in fe c tio n , w hile in  h o sp ita l, d iagnosed e ith e r  by v iru s  iso la tio n  
o r  by fo u rfo ld  o r  g re a te r  r i s e  in  CF o r  n eu tra liz in g  antibody 
t i t r e s .  U ninfected  ch ild ren  had  no such in fec tio n .
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CH A PTER 12
A SUMMARY OF VIRUSES ISOLATED FROM 
800 CASES
Tables and F igures
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T A B L E  12.1
VIRUSES ISOLATED FROM 800 PERSONS WITH OR 
WITHOUT RESPIRATORY DISEASE
GROUP AND ILLNESS
CASES
STUDIED FL PF
VIRUSES ISOLATED 
RS RH HS AD ENT TOTAL
Adults at home
Acute resp iratory 60 5 1 0 24 0 0 0 30
Chronic bronchitis 87 0 1 0 14 1 0 0 16
Children at home
Acute resp iratory 107 16 3 1 H 2 1 0 34
Sym ptom less 31 0 0 0 4 0 0 0 4
Children in hospital
Acute resp iratory 402 8 20 81 32 19 15 12 187
D iarrhoeal 113 0 2 1 10 4 8 6 31
Total 800 29 27 83 95 26 24 18
•kk
302
* Two v iru ses  isolated fro m  each o f 14 persons  
+ Two v iru ses  isolated  from  each of 2 persons 
** Two v iru ses  isolated  from  each of 16 persons
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TABLE 12.2
SEROTYPES OF 95 RHINOVIRUSES ISOLATED FROM 800 PERSONS 
WITH AND WITHOUT RESPIRATORY DISEASE
Serotype A dults a t hom e 
ARD CB
C hild ren  a t 
hom e 
ARD SC
C hild ren  in 
h o sp ita l 
ARD D
T otal
11 P ro to type  
B 632 1 0 0 0 1 0 2
FEB 2 0 0 0 0 0 2
16/60 2 0 0 0 0 0 2
68 2 1 0 0 0 0 3
181 0 0 0 0 1 0 1
204 0 0 0 0 1 0 1
5986 0 0 0 0 1 0 1
363 0 0 1 0 1 0 2
1059 1 0 0 0 0 0 1
11757 0 0 0 0 2 0 2
179E 0 1 1 1 0 0 3
13 R uchill
409-62 1 2 0 0 0 0 3
1321-62 0 1 0 0 2 1 4
4574-62 1 1 0 0 0 0 2
4704-62 1 1 0 0 0 0 2
130-63 0 2 0 0 0 0 2
1647-63 1 1 1 0 0 0 3
1833-63 1 1 0 0 1 2 5
4462-63 0 1 1 0 0 0 2
1376-64 0 1 0 0 0 0 1
1192-65 1 0 0 0 1 0 2
1767-65 0 0 2 1 1 0 4
2030-65 0 0 0 0 4 2 6
4411-65 0 0 0 0 2 0 2
Untyped 10 1 5 2 14 5 37
T o ta l rh in o -  
v iru s e s  24 14 11 4 32 10 95
C ases
exam ined 60 87 107 31 402 113 800
ARD = acu te  r e s p ir a to ry  d is e a s e s  
CB = ep isodes  in  ch ro n ic  b ro n c h itic s  
SC = sy m ptom less co n tac ts
D = Qfa j fh n o a  1 iTlBQccoe-------------------
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F ig . 12.1. F requency  o£ v iru s e s  iso la ted  f ro m  v a rio u s  populations w ith 
o r  w ithout re s p ir a to ry  il ln e s s . B ased  on 302 v iru s e s  iso la ted  
f ro m  800 p e rso n s .
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NO RESPIRATORY ILLNESS 144 CASES
n □
UPPER RESPIRATORY ILLNESS 152 CASES
D
2
CROUP 9 CASES
i
2 O
BRONCHITIS 208  CASES
2
140 CASESPNEUMONIA
□
ENTF L ADP F RS HSRH
F ig . 12.2. F requency  o f v iru s e s  iso la ted  f ro m  v a rio u s  i l ln e s se s  
o f  ch ild ren . B ased  on 256 v iru s e s  iso la ted  f ro m  515 
ch ild ren  in  h o sp ita l and 138 ch ild ren  a t hom e. 
B ro n ch itis  inc ludes c a se s  o f b ro n c h io litis ; pneum onia 
inc ludes c a se s  o f bronchopneum onia.
5 0
O
Oin
l0
Z >cc
>
JD
I » x------- x RH
' X--------x HS
AGE
CASES STUDIED
O - 11 1 2 - 2 3  2 - 5  6 -15  16-30 3 1 - 4 5  4 6 - 6 0  OVER 6 0
219 85 145 6 0  46  47 36 18
F ig . 12.3. F requency  o f v iru s e s  iso la ted  f ro m  v a r io u s  age groups
o f 656 p e rso n s  w ith re s p ir a to ry  il ln e s s . Age groups 0-11 
and 12-23 r e f e r  to  m on ths, o th e rs  r e f e r  to y e a rs .
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3 0
FL 
RS 
RH 
-  ENT2 S
2 0
UJ
cc
SI3a
>
o
o
A
M ONTH FJ M M. J J &A. A O 0N
CASES EXAMINED 122 97 92  61 38  2 3  9 2 3  39  62  l l «  110
F ig . 12.4. Seasonal d is tr ib u tio n  o f in flu en za  v iru s e s ,  RS v iru s ,  
rh in o v iru se s  and e n te ro v iru se s  iso la ted  f ro m  800 
p a tie n ts , January  1962 to A p ril 1966.
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P F
HS.
AD.
5
DS OA NJF MJ M A JM O N T H
: A S E S  E XA MI N E D  122 9 7  9 2  61 3 8 2 3  9 2 3  39 6 2  116 118
F ig . 12.5 Seasonal d is tr ib u tio n  o f  p a ra in flu e n z a  v iru s e s ,  h e rp e s  
s im plex  v iru s  and ad en o v iru ses  iso la ted  f ro m  800 
p a tie n ts , January  1962 to  A p ril 1966.
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Fig. 12.6 Monthly incidence o f 24 rhinovirus serotyp es, January 
1962 to April 1966. UT = untyped strains.
